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ABSTRACT 

1. Reaction of 1-broroo-l^l-dioitroethane and sodium dietbyl malonate in 
absolute etbanol at 5-10° yields sodium 1,1-dinitroethane (77#), tetraetbyl 
ethane 1,1,2,2-tetracarboxylate (66^)  and sodium bromide (lOOp). Piperidine 
and 1-cbloro—1,1-dinitroethane in anhydrous ether at room temperature react 
to give plperidinium 1,1-dinitroethane (**8.6jt), plperldinium chloride (20.6#), 
1-chloro—1,1-dinitroethane (6.5$, recovery) and unidentified products. It is 
concluded that the principal reaction of organic bases with l-halo-l,l-di-• 
nltroalkanes results in displacement on "positive" halogen rather than on 
"positive" nitro groups or in elimination of nitrous acid. 

2. Homogeneous reaction of silver 1,1-dinlferoethane and silver 1,1-di- 
nitropropane with ortho-nitrobenzene sulfenyl chloride in acetonltrile at 
10-30° reeults in formation of ortho-nitropbenyl 1,1-dinitroetbyl sulfide 
and ortho-nitropbenyl 1,1-dinitropropyl sulfide, readily crystalllzable 
solids, in excellent yields. This reaction, an extension of that of 
Kharascb, is excellent for preparing solid derivatives of l,l«-dinitroalkaneB. 
o-Nitrobenzenesulfenyl chloride has been found to offer advantage over 2,4^- 
dinitrobenzenesulfenyl chloride. 

3. l-4fethoxy-2-nitrobutane was prepared in 57# yield by reaction of raeth- 
anol and 2-nitro—1-butene, catalyzed by sodium methoxide; oxidative nitration 
of l-metboxy-S-nltrobutane yielded l-methoxy-2,2-dinitrobutane (67#). Ani- 
line and 2-nitro—1-butene react to give 2-nitro-1-phenylaminobutane (70#); 
2,2-dinitro—1-phenylaninobutane {hyp,  isolated as the hydrochloride) was 
prepared by oxidative nitration of 2—nitro-1-phenylaminobutane. Reaction 
of 2-nitro—1-butene and etbanetbiol, catalyzed by sodium methoxide, yielded 
ethyl 2-nitro-l-feutyl thioether (9$); oxidative nitration of ethyl 2-nitro- 
1-butyl thioether to ethyl 2,2-dinitro-l-butyl thioether was unsuccessful. 

Oxidative nitration of lf-nitropentanal and 1,1,1,2,2,3,3-heptafluoro- 
5-nitrobeptane resulted in U,V-dinltropentanal (6256) and 1,1,1,2,2,3,3-bept- 
afluoro-5,5-dinitroheptane (75$). Reaction of 1-bromo-S-phenyletbane and 
silver nitrite yielded l-nitro-2-phenylethane; l,l-dinitro-2-phenylethane 
(55$) w»8 prepared by reaction of sodium 1-nitrc—2-phenylethane, sodium 
nitrite and silver nitrate. The physical properties of potassium- or of 
silver l,l-dinitro-2-phenylethane have been determined. Oxidative nitration 
of nitrocyclopentane, 2,2-dimethyl—1—nitropropane and cyclobexylnitromethane 
produced dinitrocyclopentane (56$) 2,2—diaethyl-l,l-dinltropropane (5656/ 
improved yield), and cyclohexyldinltromethane (70$, Improved yield), respect- 
ively. Ethyl 3-nitrobutyrate (l^jt) was synthesized by reaction of silver 
nitrite and ethyl 3-fcromobutyrate; ethyl 3,3-dinitrobutyrate (36$) was pro- 
duced upon oxidative nitration of ethyl 3-nitrobutyrate. 

*». Condensation of nitromethane and fluoral hydrate resulted in 1,1,1- 
trifluoro-5-nitro-2—propanol (8356); conversion of l,l,l-trifluoro-3-nitro- 
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2-propanol to 3-nltro-l,l,l-trlfluoro-2-propyl acetate was effected in ex- 
cellent yield by reaction with acetic anhydride and sulfurlc acid. 3>3>3~ 
Trifluoro—1-nitropreraene (Vflt) was prepared hy heating mixtures of phthalic 
anhydride and l.l,l-trifluoro-3-nitro-2-propanol. 1-Hitrc—S-tririuoromexhyi.- 
2-propanol (53#) was obtained upon condensation of citrometbane and 1,1.1— 
trifluoroacetcne in the presence of potassium carbonate. 

5. A study has been made of selective—reduction of conjugated nitroaikerss 
with sodium trimethoxyborohydride in ethyl ether—tetrahydrofuran at —k-0  to 
—70°. The compounds which have hcen reduced are: (l) l~nitrcpropene, (£) £— 
nitro—1-butene, (3) 2-nitro-2-butene, (h)  omega-nitrostyrene, (i>) «t—nit?/o-J— 
beptene, (6) 3,3,3-trichloro-l-nitropropene, (7) 5,5,6,6.1,7,7-heptaflucro- 
3-nitro-3-heptene and (8) 4,U,5,5,6,6_,6-heptafluoro-e-oitro~2-hexene. The 
products which have been obtained are: (l) 1-nitropropane (81.7#) and 2— 
metbyl-l,3-dinltropentane (ll.if#), (2) 2-nitrobutane (1*5$) and 3-oethyl-3,?- 
dinitroheptane (5%),  (3) 2-nitrohutane (62.c» and 3,lf-diniethyl--2,lf-dinitro- 
hexane (U.lf#), (k)  i-nitro-2-pbenylethane (38.656) and l,3-dlnitro-2,lf-di- 
phenylbutane (presumably as two racemates), (5) lf-nitroheptane (55$) >  (6) 
l,l,l-trichlorc—3-nitropropane (Wf.2#) and l,l,l-trichlorc-3,5-dinitro-i-tri- 
chloromethylpentane (32.1#), (7) 1,1,1,2,2,3,3-heptafluoro--5-nitroheptane 
(919&) and (8) 1,1,1,2,2,3,3-heptafluoro-5-nitrohexane (8J#). 3-Methyl-3,5- 
dinitroheptane, 1,1,1,2,2,3,3-beptafiuoro-5-nitroheptane and 1,1,1,2,2,3,3— 
heptafluoro-5-nitrohexane were further identified as the 2,4-dinitrophenyl- 
hydrazones of 5-taetbyl-5-nitro-3-heptanone, 5,5,6,6,7,7,7-beptafluoro-3-hept- 
ancne and l+,U,5,5,6,6,6-lieptafIuoro-2-hexanone. l,3-Cinitro-?,lf-diphenyl— 
butane was prepared al6o by Michael reaction of omega-nitrostyrene and 1- 
nitro-2-phenylethane. 

If-Nitrc—3--beptane was synthesized by the following sequence: (l) con- 
densation of propanal and 1-nitrobutane in sodium hydroxide to yield lf-aitro— 
3-heptanol (77$), (2) conversion of lf-nitro-3-beptanol to 3-acetoxy-lJ-nitro- 
heptane (89J») by reaction with acetic anhydride, and (3) reaction of 3— 
acetojiy-lf-nltroheptane with sodium acetate to give 4—nitro-3-heptene (72.856). 

6. The selective—reduction of the carbon—carhon double bond of conjugated 
nitroolefins with lithium borohydride i.i ethyl ether and tetrahydrofuran has 
been investigated at -70 to -6o°. The conjugated nitroolefins which have 
been studied are: (1) 1-nitropropene, (2) 2-nitro-l-butene, (3) 4-nitro-3- 
beptene, (If) 3,3,3-trichloro-l-nitropropene, (5) 5,5>6,6,1>7,7-heptafluoro-3— 
nitro-3-heptene, and (6) lf,U,5,5,6,6-heptafluoro-2-nitro-2-hexene. The re- 
duction products and yields in these systems are: (l) 1-nitropropane (If9.9$) 
and 2-oethyl-l,3-dinitropentane, (2) 2-nitrobutane (59-3$) and 3-*iethyl-3,5- 
dinitroheptane (lif.256), (3) lf-nitroheptane (65^), (If) l,l,l-trichloro-3- 
nitropropane (^8.356), (5) 1,1,1,2,2,3,3-heptafluoro-5-fiitroheptane (9l£) and 
(6) l,l,l;£,2,3>3-h«Ptafluoro—5-nitrohexane (87.856), The structures of the 
reaction products were assigned on the bases of quantitative and infrared 
analyses, chemical properties, and conversion to appropriate derivatives. 

7. A study has been Initiated of the effectiveness of lithium aluminum 
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hydride for selectively reducing the conjugated carbon-carbon double bond of 
oc, B-nitroalkenes; the reactions are effected upon addition of solutions of 
th«- vsitrnolpfln in p-fchyl ot.hpr—t.^trahydrofuvn" to lithium aluminum hydrilc 
in ethyl etber-tetrahydrofuran at -70°.    Reduction of 5,3,3—trichioro-l- nr.trc 
propene yielded l,l,l-itrichlcro-3«-citropropane (bj.&fa); reduction of ;>».'-'. ^. 6- 
7,7,7-heptafluoro-fJ-<iitro-3-heptene gave l,l>l,2,2,3,j-heptafluoro-5-nitro- 
heptane (85.3$). 

8.    Sodium borohydride in ethanol has been found to be an effective rftV,'e.~?" 
for reducing conjugated nitroalkenes to nitroalkanes.    I>-Vabj>-te1araacet?>y~ 
1-nitrohexene has been reduced to l-^iitro-l^-dideoxy-D-na.v'ebo-^hexitol te',.^- 
acetate in 63.;# yield with sodium borohydride-ethanol at 0".    Hetercgerv^a,J 
reduction of 5>5,6,6>7,7/7-heptafluoro-3-nitro-3-heptene with sodium bar > 
hydride in ethyl ether—tetrahydrofuran was unsuccessful. 

« 
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h2. REDUCTION OF U,U,5,5,6,6,6^IEPTAFLUORO-2-4«TRO-2-HEXENE WITH LITH- 
IUM BOROHYDRIDE;   1,1,1,2,2,3,3-HEPTAFLUORO~5-NITROHEXANE. kl 

1+3. REDUCTION OF D-^RABO^TETRAACETOXY-l-«ITR0HEXENE;   1-NITR0-1,2-DI- 
DESOXY-D-ARABO-HEXITOL TETRAACETATE. 4l 

REFERENCES k2 

CONFIDENTIAL 
SECURITY    INFORMATION 

1 

J 



)C T V 
i Jp- - iAi 
INFORMATION 

DISCUSSION 

» 

1. BSACTION OF 1-BBOMO-l.l-DINITBOETHANE AND SODIIM DIETHYL MALONATE; 
FORMATION OF SODITJM 

"TETRACARBOXYLATE LdA 
1^1-DINrmOETHANB AND TETRAETHYL ETHANE- 

1,1,1-Trinitroethane has been found to uudergo tvo general reactions1 

in the presence of bases:   (l) elimination of nitrous acid from 1,1,1- 
trinltroethaue by attack of one equivalent of the base to give 1,1- 
dinltroethylene as a possible intermediate (Equations l);  subsequent 
addition of the base to "1,1-dinitroethylene" yields the corresponding 
beta-eubstituted derivative of salts of 1,1-dinitroethane, and  (2) attack 
of the base ot 1,1,1-trinitroethane resulting in removal of a "positive 
nitro group" and yielding a salt of 1,1-dinitroethane;  subsequent 
reaction of the base with the intermediate derived from interaction of 
the base and the nltronium group may result in displacement to give 
nitrite ion and the product derivable from oxidative-coupling of two of 
the basic anions (Equations 2). 

R~M    +    CH3-C(H02)3. -»• E-H + M N02 
CH2=C(NO2)2 

R~M+ + CH2=C(J102)2 ->-B-CH2-C(N02)2~M+ 

(1) 

(1) 

€ 

R-M+    +    CH3-C(N02)3- CHa-CfNOaia"^ B-ONO 

B""M+ B-ONO •*• R-B    +    M+NOg" 

(2) 

(2) 

Metal alkoxides,la>    potassium Cyanide,10'a piperidine,1^*1 

trimethylamine,^>h guanidine,lll/i>J and potassium ethyl malonate,1^'*1 

react by elimination-addition according to Equations 1 to give beta- 
alkylated derivatives of 1,1-dinitronitroethane.    Potassium 2-nitro- 
propane,18 potassium n-butyl mercaptide,1* butyllithium,^'1 and metallic 
hydroxides1**15 undergo oxidation-reduction of the type of Equations 2. 
Attempts to alkylate 1,1,1-trinitroethane with potassium benzyl cyanide 
in the presence of ethanol1* resulted in formation of potassium 2-ethoxy- 
1,1-dlnltroethane (Equations l).    Potassium acetylacetone1^ reacted 
primarily via sequence 2 to give potassium 1,1-dinitroethane; however, 
evidence was obtained for the formation of 3-acetyl-5/5-dinitro-2-- 
pentanone in minor amounts.    Ambiguous results were obtained when 
triethylamine was used as the attacking base,. If 

The study of the reactions of baees and 1,1,1-trinitroethans has 
b«en extended to 1-bromo-l,1-dinitroethane and to l-chloro-l,l-dinitro- 
ethane.    The purposes in the extension of this research are:   (l) to 
develop new and more convenient methods for preparation of 1,1-dinitro- 
ethylene in situ and of its addition products and (2)  to obtain information 
concerning the behavior of   l-halo-l,l-dinltroethanes toward oxidative- 
reductive attack by various bases.    It has been previously reported from 
this laboratory that piperldlne reacts with 1-bromo-l,1-dinitroethane11>3 
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in ethyl ether at 0° by the oxidation-reduction sequence (analogous to 
KqnAr.lon« P)  rpaulting in displacement of bromlnlum ion to give 
piperidinium 1,1-dinitroethane [S\.yf>), piperidinium bromide (7k.Tf>) 
and a high molecular weight product (presumably a trimer) derived from 
3,^,5/6-tetrahydropyridine.    In the present report from this laboratory 
there are described the results of the investigations of reaction of 
l-bromo-l,l-dinltrcsthane vlth sodium diethyl malonate and of reaction 
of piperldine and l-chloro-l,l-diuitroethane. 

Beaction of sodium diethyl malonate and l-bromo-l,l-dinitroethane 
(Equations 5)  in absolute ethanol at 5-10° occurs fairly rapidly to give 
sodium bromide (100$),  sodium 1,1-dinitroethane (77#) and tetraethyl 
ethane-l,l,2,2-tetracarbexylate (66%).    There vas no evidence for a 
reaction of the elimination-addition type to give potassium 2-carbethoxy- 
^,U-dlnitrobutyrate^*k as vas experienced with potassium diethyl malonate 
and 1,1,1-trinitroethane;  it is of interest that attack of the diethyl 
malonate anlon on i-bromo-l,l-dinitroethane results in displacement of 
a positive bromine atom rather than a positive sitro group.    An equation 
sequence (Equations 3) which accounts for formation of sodium bromide, 
sodium 1,1-dinitroethane, and tetraethyl ethane-l,l,2,2-tetracarboxylate 
is as follows: 

(C2H5-02C-)2CH"Na+    +    BrC(N02)2-CH3 »- (CgH^C-JgCHBr + Na+ -(02N)2C-CH3 

(3) 

(C2H5-02C-)2CHBr + (Cz*s-Ozc-)2C&~X*'' »-  (C2H5-02C-)2CE-HC-(Co2-C2H5)a 

+   Na+Br" (3) 

The sodium 1,1-dinit:oethane was identified upon isolation and upon 
Conversion to 1,1-dlnitroethane;  the yield of sodium 1,1-dinitroethane 
produced in these experiments was determined quantitatively by use of 
ultraviolet methods.    The tetraethyl ethaEe-l,l,2,2-tetracarboxylate was 
Identified by its chemical and physical properties and by comparison 
with an authentic sample.    The yield of sodium bromide was determined 
quantitatively by conversion to silver bromide.    Attempts were made to 
isolate diethyl bromomalonate, a suspected intermediate in the coupling 
reaction; however,  it could not be detected under the conditions of the 
experiments.    On the basis of the results of the experiments of reactions 
of piperldine and sodium diethyl malonate with l-bromo-l,l-dinltroethane, 
it is predicted that the principal reactions of l-bromo-l,l-dinitroethane 
with bases will result in removal of positive bromine by mechanises of 
the displacement type and that 1-bromo-l,1-dinitroethaoe doea uot offer 
the promise as does 1,1,1-trinltroethane for producing 1,1-dinitroethylene 
In situ* 
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2.    REAOTIOH OF PIPEBIDINE AND l-CgIDRQ..l1l-DIHITROETHANE; FORMATION OF 
pTxwmrwTTiui  1   l _TiTWTTR/tt?TOAWF  ANn  PTPKRTTVrNTTM CHTflMTTJE. 

It has been prevlouely found that piperidine^ >** reactB with 
1,1,1-trinitroethane by elimination-addition to yield N-(2,2-dinitroethyl)- 
piperldine and plperidinium nitrite, whereas reaction of piperidina with 
l-bromo-l,l-dinitroethanell>J occurs by displacement on bromine to give 
plperidinium 1,1-dinitroethane, plperidinium bromide and 3,*,5,6- 
tetrahydropyridine (tent,).    In an effort to develop new and more 
convenient methods for    preparing "1,1-dinitroethylene"  in situ and 
also to compare the general reactions    of l-halo-l,l-dinitroalkanes toward 
oases with those of 1,1,1-trinitroethane, the reactions of piperidine 
and l-chloro-l,l-dinitroethane have been investigated. 

o 
l-Chloro-l,l-dinitroethane    vae prepared by reaction of chlorine 

and sodium 1,1-dinitroethane.    Reaction of l-chloro-l,l-dinitroethane 
with piperidine in anhydrous ethyl ether occurred slowly (Equations k) 
at room temperature to give plperidinium 1,1-dinitroethane (k8.6f> yield), 
plperidinium chloride  (20.6# yield),  l-chloro-l,l-dinitroethane  (6.5# yield), 
and unidentified products (presumably derived from chlorination and 
dehydrochlorination of piperidine); N"(2,2-dinitroethyl)-piperidine, the 
product expected from eliminatlon-addltiont was not obtained from this 
reaction. 

H2 JNH + CiC(N02)2-CH3  *- Cfe ^NH2   (02N)SC-CH3 

CHg—CHp CH2—C^2 

^CHa—CH^ ^CH2—cr 

Plperidinium 1,1-dinitroethane was detected and determined quantitatively 
by ultra-violet spectrophotometric methods; the salt was also compared 
with an authentic sample prepared by reaction of piperidine and 1,1-dinitro- 
ethane.    The yield of  plperidinium chloride was ascertained from the 
water-soluble products by precipitation of the chloride ion as silver 
chloride*    It is to be concluded from this experiment as well an those 
with l-bromo-l,l-dinitroethane that reaction of l-halo-l,l-dinitroethanes 
with appropriate bases involve attack on halogen rather than elimination 
of hydrogen hallde (or of nitrous acid) to give 1,1-dinitroethylene (or 
1-chlero-l-nitroethylene)  or Its subsequent adducts.    Further studies 
of this apparent generalization with l-halo-l,l-dinitroethanes are now 
in progress. 
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5.    DISPLACEMENT REACTIONS OF SILVER SATJTS OF 1,1-DIKITHOMHANE AND OF 
lgjDINjPrROPROPAWS WITE 0BTH0-NITR03ENZENECSULFSNYL ^HLORIDE.^ 
STNTHESIS OF ORTHO-NITROFHZNYL 1,1-DIRITBQETHYL SULEiDi!; A«L 05THO- 
NITROPHENYL 1,1-DIWTrROPROFgL SULFIDE. 

Reaction of alkyl halides with metallic salts of mononitroalkanes5 

may result in carbon-alkylation to yield substituted mononitroalkanes 
or in oxygen-alkylation to give nitronic esters or their decomposition 
products (oximes and carbonyl compounds);  in general, the principal 
reaction is that involving attack on oxygen.    On the other hand,  salts 
of mononitroalkanes undergo rapid displacement reactions with aryldiazonium 
halides^ or with arylsulfenyl halides'* to give the carbon-aikylated 
derivatives, arylazonltroalkanes and aryl nitroalkyl sulfides,,  in good 
yields. 

Upon studying displacement reactions of alkyl halides with electro- 
valent salts of 1,1-dinitroalkanes,  it has been found that there are 
certain similarities in results with those obtained from salts of 
mononitroalkanes and alkyl halideB in that the principal reaction is one 
involving oxygen-alkylation; the minor reaction is that in which sub- 
stituted gem-dinitroalkanes are formed.    In using covalent salts of 
ljl-dinitroalkanesl8'1'J'5 fiUch as silver 1,1-dinitroethane hetercgeneously 
or in solution in acetonitrile,  it was found that carbon-alkylation could 
be enhanced; however, the reaction gave little promise as an excellent 

/"* method for preparing substituted gem-dinitroalkanes.    As part of a 
general program for developing new carbon-alkylation reactions of salts 
of 1,1-dinitroalkanes, as part of a study of the structural natures of 
cations which effect selectivity in carbon-alkylation cf nitronate ions, 
and as part of a general rtudy for developing methods for preparing solid 
derivatives of 1,1-dinitroalkanes, a study has been initiated of the 
displacement reactions of benzenesulfenyl halides and of aryldiazonium 
halides with salts of 1,1-dinitroalkanes.    The results of the present 
studies of reactions of ortho-nitrobenzenesulfenyl chloride with silver 
l>l-dinitroethane and with silver 1,1-dinitropropane are now reported, 

Reactions of silver 1,1-dinitroethane and silver 1,1-dinitropropane 
in acetonitrile (homogeneous) with ortho-nitrobenzenesulfenyl chloride 
occurs almost instantaneously to yield ortho-nitrophenyl 1,1-dinitroethyl 
eulfide (Equation 5) and ortho-nitrophenyl 1,1-dinitropropyl sulfide 
along with silver chloride,   The products of reaction are stable solids 

O-02N-C6H*-SCl + Ag(02k)2C=CH3 _ or-02N"C6HUf-S-C(M02)a-CK3  + AgCl      (5) 

and are readily crystallized; they serve as excellent solid derivatives 
of 1,1-dinitroalkanes.    The proofs of structure of these compounds have 
not yet been completed, but,  on the basis of the previous establishments 
of structure of slllmar derivatives prepared from mononitroalkanes**"0 

CONFIDENTIAL 
SECURITY    INFORMATION 

'V^Wr*^'-*'' s»r •** 



! 

G 

ft 

r ONFiOENTIAI L 

jtV UHTY    INFORMATION 
it seems quite likely that the derivatives obtained from 1,1-dinitroalkanee 
«n» true arvl 1.1-diritroalkyl sulfldas. 

h. STUDIES OF OXIDATIVB-NITRATIOK OF SUBSTITUTED MONOKITBOALKAKES; 
PHEPARATIOB OF I-KSTHCXY-2.2-rmiRCBUTANEt 2,g-DINITR0-l-PHENYLAMIN0- 
BUTANE,   U.U.rmiTBOFBWTANAL,  i. 1.3.2.2.3.3-HEPTAFLUOriO-5.5-DI- 

NI7R0EEPTAWE,   ljl-DDflTRO-g-PHEim.ETHAHE,  ETHYL 3, 5-DINITROBUTYPATE, 
DINlfPOgYgLOPEJJTAKE,   ^Y^LOHEXYTJINITOOME'rHANE  (IMPROVED YIELD),   A   ) 
2,2-DIMETHYL-ltl-DINITR0PR0PANE  (iMFBOVED YIELD). 

Studies of the scope of oxidative-nitration**""*^'" ^ primary and 
secondary mononitroalkanes have been continued.    It is the purpose of 
the present research to determine the effects of various functional 
groups on the course and on the efficiency of the oxidative-nitration 
reaction;  it is also expected to obtain further information concerning 
the chemical and physical properties of substituted gem-dinitroalkanes. 

It has been previously demonstrated that non-branched 2-nitro-l- 
alkanole°>' and 3-nitro-2-butanol6>7 may be converted to 2,2-dinitro-l- 
alkanols and 3j3-dinitro-2-butanol by careful use of oxidative-nitration 
techniques.    It has also been found previously" that electronegatively- 
substltuted orp^Q-systemB su°b 88 methyl nitroacetate, nitroacetonitrile, 
nitroacetone, and 3-nltropropene are not converted into the corresponding 
gem-dinitroalkanes by oxidative-nitration methods.    In order to obtain 
further information concerning the possibility of nitrating other types 
of nitroalkanes which are substituted in the beta-position with functional 
groups, a study has been made of oxidative-nitration of l-methoxy-2- 
nitrobutane, 2-nitro-l-phenylaminobutane, and ethyl 2-r.itro-l-butyl 
thioether. 

l-Methoxy*2-nitrobutane (Equations 6) was prepared in 57$ yield by 
addition of methanol and 2-nitro-l-butene at room temperature in the 
presence of sodium raethoxide.    Reaction of l-methoxy-2-nitrobutane with 
sodium hydroxide in water-methanol at 0° and subsequent treatment of the 
reaction mixture with sodium nitrite and silver nitrate gave l-methoxy-2,- 
2-dihitrobutane as a stable liquid in 87# yield.    The assignment of 
structure of l-methoxy-2,2-dinitrobutane was based on its quantitative and 
infrared analyses,  its molar refraction, and its chemical and physical 
properties. 

CHa.CBa.C(HQa)«CHa 
CH30H,HaOCH3> CH3-Cfc3-CH(!l02)Clfc-0CH3 HC£—^ 

5- *>   Ag+,N02" 

CH3-CH2-C(N02)2-CH2-0CH3 (6) 
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2-Nitro-l-phenylaminobutane (Equations 7) was synthesized by 
r««ct.-lnn of P-niLro-l-butene and aniline at temperatures below 30°; 
the initial adduot was best isolated as the crystalline hydrochloride. 
Reaction of 2-nitro-l-phenylaminobutane hydrochloride with dilute 
sodium carbonate and subsequent distillation gave pure 2-nitro-l- 
phenylr mine-butane in 70# yield.    The identity of 2-nitro-l-phenylamino- 
butane was established from its analysis,  from its infrared spectrum, 
from itt» molecular refraction, and from its reaction with hydrogen chloride. 
Oxidative-nitration of 2-nitro-l-phenylaminobutane was effected 
satisfactorily to yield 2,2-dinitro-l-phenylaminobutane (1*5# yield); 
the 2,2-dinitro-l-phenylaminobutnne was isolated, purified, analyzed, and 
identified as 2,2-dinitro-l-phenylaminobutane hydrochloride. 

~-    n-    n,       x n-      HaN-CgHs l) 0H~;Ag+,N02~ 

7C* 2) lPl,k5+ 

CHa.CHg.CCNOsJg-OHs-ima-CeHs Ci~ (7) 

Ethyl 2-nitro-l-butyl thioether (Equations 8) was obtained in Bh^ 
yield from addition of ethanethiol to 2-nitro-l-butene in methanol, 
catalyzed by sodium methoxide.    The quantitative and infrared analyses 
of the thioether are in agreement with the structure proposed for the 
adduct.    Attempts to effect oxidative-nitration of ethyl 2-nitro-l-butyl 
thioether to ethyl 2,2-dinitro-l-butyl thioether, as yet, have all been 
unsuccessful.    Silver deposition occurs as in the usual oxidative- 
nitration reaction} however, the principal product of reaction is 
2-nitro-l-butene.    The formation of 2-nitro-l-butene is not due to base- 
catalyzed decomposition of salts of ethyl 2-nitro-l-butyl thioether;  it 
is apparent that the 2-nitro-l-butene is formed during the oxidation- 
reduction steps.    Further studiffof systems of this type are in progress. 

CHa-CHa-qflOsWCHs    HS~    2"    3   )    CHs-CH^-CHNOs-CHs-S-CHe-CHa  >- 
&t 2) Ag+,N02- 

CH3-CH2-C(N02)
SPH2     +      CH3-CH2-S-S-CH2-CH3 (8) 

The oxidative-nitration reaction of ^-nitro-1-pentnnal has been 
Investigated in order to determine if cxidativc-nitraticns may be effected 
selectively in nitro compounds containing aldehyde groups;  in general, 
aldehydes are converted to their corresponding carboxylic acids upon 
reaction with silver oxldonts.    It has now been found that oxidative- 
nitration of U-nitropentanal may be effected et 0° to give U,4-dinltro- 
pentanal (Equation 9)  in 62$ yield; VyU-dinitropeatanal° was characterized 
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as Its pemicerbazone* and its p-nitrophenylhydrazone.9 7 

CHs-CHNOa-CHa-CEa-Cnao —- y- CR3-C (1^)^0^-^-05=0    (9) 
2) Ag+,N02~ 

The oxidative-nitration reaction has been extended to the preparation 
of highly fluorinated gem-dinitroalkanes.    1,1,1,2,2,3,3-Heptafluoro~3- 
nitroheptane was prepared by reduction of 5>5j6,6,7,7,7-beptafluoro-3- 
nitro-3-heptene with various complex hydridesiO; oxidative nitration 
gave 1,1,1,2.2,3,3-heptafluoro-5,5-dinitroheptane    as a stable colorless 
liquid in 75* yield.    The dinitroheptafluoroheptane was identified by 
its quantitative and infrared analyses and its chemical and physical 
properties. 

1) 0H~ 
CFa-Cra-CPa-CHe-CHdlOaJ-CHa-CHa _ K- CF3-CF2.CFC.CH2_C(NO2)2-CH2-CH3 

2) Ag+,N02- 
(10) 

The oxidative-nitration reaction has been extended to l-nitro-2- 
phenylethane, nitrocyciopentane, and ethyl 3-nitrobutyrate;  improved 
procedures have been developed for preparation of cyciohexyldinitro- 
methane and for 2.2-dImethyl-l,l-dinitroprcpane.    l-NItro-2-phenylethane 
was prepared in U4# yield from silver nitrite and l-bromo-2-phenylethane; 
its conversion to l,i-dinitro-2-phenylethane was effected in 55$ yield. 
l,l-£initro-2-phenylethane, a crystalline solid, was identified by its 
quantitative and infrared analyses)  it was characterized as its potassium 
and Bilver salts (the properties of these salts have been determined). 
Oxidative-nitration of nitrocyciopentane occurs rapidly to give dinitro- 
cyciopentane in 56# yield.    Ethyl 3-nitrobutyrate (Equations ll) was 
synthesized by reaction of silver nitrite and ethyl 3-bromobutyrate 
(25^);  it is quite difficult to remove all nitrite and nitrate impurities 
in systems of this type, however, the ethyl 3-nitrobutyrate could be 
isolated in analytical purity by repeated rectification of the reaction 
product.    Ethyl 3,3-dinitrobutyvate was obtained in 36# yield by oxidative- 
nitration of ethyl 3-nitrobutyrate in aqueous methanol; the dinitro 
ester is a stable liquid which can be readily purified by distillation. 

C 

i. 

1) A^Qg-    nr,     n~„    r»     rv*  r „       D     OH" CHa-CHBr-CHg-COa-CaHs    l} AgNOg,   CH3-CHN02-CH2-CO2C2H3 

2) Ag+,N0g- 

CH3-C(N02)2-CH2-CO2-C2H5 (11) 

r 
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5-  PREPARATION AND STUDIES OF POIYFLU0R0POLYNITR0ALKANES, SYNTHESIS OF 1,1,1- 
TRIFLU0R0^>3~NITRC)-^-»yB0PAa0L, -3,5 ,.Wi'Ji-U'UJUKO^i-^rraO^KOtfiiJMtt, -AHJJ .1-^j.xrtC 
2-TBIFI£0R0METHYIr»2--EB0EAN0L,  .  

A program has been initiated of synthesis of 1,1,1—trifluoro-3,3-dinitro- 
propane, 1,1,1,2,2,3,3-beptafluoro-5,5-dinitropentone, 1,1,1-trIfluoro-2- 
nethyl-J,3-dinitropropane, 1,1,1—trifluoro-2,2-dimethy1-3,5-dinitroethane, 
and 2,2-bis—(trifluoromethyl)—1,1-dinitropropane. The purpose of this study 
is, (l) tc extend the oxidative-nitration reaction to the preparation of 
highly fluorinated polynitroalkanes, (2) to obtain general information con- 
cerning the thermal and explosive properties of polyfluoropolynitroalkanes, 
and (3) to determine the ionization constants of fluorinated 1,1-dinitro— 
alkanes and the ultraviolet spectra and solubilities of their potassium 
salts; it is believed that decisive results might be obtained from this study 
which will substantiate the hypothesis^- that there is limited resonance 
stabilization in anions derived from highly hindered 1,1-dinitroalkanes. 

In the present study there is reported the synthesis of 1,1,1—trifluoro— 
3-nitro—2—propanol, 3>3,3—trifluoro—1-nitropropene and l-nitro-2—trifluoro— 
metbyl-2-propanol. Cook, et al^ have previously prepared 1,1,1—trifluoro— 
3-nitrc—2-propanol in hjjl>  yield by condensation of trifluoroacetaldehyde and 
nitromethane (Equation 12). In the present study, condensation of nitro— 
methane and trifluoroacetaldehyde in the presence of potassium carbonate to 
give 1,1,1—trifluoro-3—nitro-2-propanol has been effected in 8i# yield; the 
improved procedure results from using nitromethane and trifluoroacetaldehyde 
in a mole ratio. 3 to 1. 1,1,1—Trifluoro-3—nitro-2—propanol was converted to 
3>3>3—'trifluoro—1—nitropropene (Equation 12) in U7^ yield upon being heated 
at 1^0° with pbthalic anhydride; attempts to prepare 3,3,3-trifluoro—1-nitro- 
propene by reaction of sodium carbonate and 1,1,1-trifluoro—3-nitro-2-propyl 
acetate, prepared from acetic anhydride and 1,1,1-trifluoro-3—nitro-2-pro- 
panol, were unsuccessful. 

CF3-CH0 + CH3-NO2     SgaSSa %   CF3-CHOH-CH2NO2   CpfyQa  >  CF3-CH=CHNO2 + H20 (12) 
-81$ .. . fijP 

Condensation of nitromethane and 1,1,1-trifluoroacetone (mole ratio ^h.1— 
1) in the presence of anhydrous potassium carbonate results in formation of 1— 
nitrc-2—trifluoromethyl-2-propanol (Equation 13) in 53$ yield. Complete re- 
sults of the conversions of 1—nitro-2—trifluoromethyl-2-propanol to 1-nitro- 
2-v*ifluoromethyl-1-propene will be summarized in a subsequent report. 

CF3-CO-CH3 + CH3-N02 NagCOa ...  CF3-(H3C)COH-CH2N02 
• 53* • • 

(13) 

6.  SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH LITHIUM BOROHYDRIDE, 
NITROALKANSS, .. ..'..„ -.    

It has been previously reported ^"<that the conjugated double bond of the 
nitroolefins: 1—nitropropene, 2-methyl-l-nitropropene, 2-nitro—1-butenevand 
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omega-nitrostyrene can be selectively reduced by lithium borohydride in ethyl 
ether-tetrahydrofuran at -kO to -70° (Equation Ik  and 15). The reaction 

URR'C-CR^Oz + LiBH*  ^ [RR«CH-CR"^l02]i»BLi t'1'0 

tRR,CH-CR"-N02lhBLi + CH3-CO0H + 3H20  > URRlCH--HCR"N02 + H3BQ3 + CaV«i*0 l±  (15. 

is complicated by consecutive processes of the Michael type in which the re- 
duction product adds to the initial conjugated nitroolefin to yield the cor- 
responding 1,3-dinitroalkanes (Equation 16). It has been found, howeve~ 

RR»CH-R"C(N02)~ + RR,C-CR"N02  ^   RRlCH-B"C(N02)-RRC-R
nC(N02)-        

flf>) 

that reduction may be effected satisfactorily, with respect to speed and com- 
pletion of reaction and to minimization of consecutive Michael addition, hv 
adding the nitroolefin to 100 per cent excess of reducing agent at controlled 
temperatures. On the basis of the results obtained, it is suggested that 
steric factors become greatly increased as each nitronate ion becomes com— 
plexed with the borohydride ion and thus the reducing potential of the 
species formed, trialkylnitronatoborohydride and dialkylnitronatoborohydride 
ions, are greatly diminished. 

Herein are reported the final completed experiments^ for reduction of 
1-nitropropene and 2-nitrc—1-butenc with lithium borohydride. The reductions 
cf U-nitro-3-heptene, 3>3,5-trichloro-l-nitropropene, ^,4,5>5>6,6,6-hepta- 
fluoro-2—nitro-2-hexene and 5,5>6,6,7,7,7-heptafluoro-3-nitro-3-hcptene have 
also been conducted to give the corresponding saturated nitroalkanes in 65, 
85, 87.8 and 91#-yields, respectively. It is apparent that reduction of the 
fluorinated nitroolefins is facilitated by the inductive effect of the per— 
fluoroalkyl groups. The reduction products were identified by their physical 
constants, infrared spectra; and by conversion to the corresponding carbonyl 
compounds via the Nef reaction and thence to their 2,4-dinitrophenylhydra— 
zones. It has been previously reported  that fluorinated nitroalkanes do 
not undergo Nef reactions to yield perfluoroalkyl aikyl ketcnes; it is of 
importance that under the conditions used in the present investigation 1,1,1— 
2,2,3,3-heptafluoro-5—nitrohexane and 1,1,1,2,2,3,3-heptafluoro->-nitrohep- 
tanc are converted to U,U,5,5>6,6,6-heptafluoro-^2-hexanor.e and 5>5>6>6,7>7»7— 
beptafluoro-3-heptanone, respecitively, under the conditions of the Nef re- 
action. 

U-Nitro-3-bcptene, a new compound, was synthesized by the following 
sequence: (l) condensation of propanal and 1—nitrobutane in the presence of 
sodium hydroxide gave 4-nitro-3-hcptanol (77$)> (2) reaction of U-nitro-3- 
heptanol with acetic anhydride yielded 3-«cetoxy-4—nitroheptane (8950); and 
(3) conversion of 3-acetoxy-4—nitroheptane to k~nitro-3-heptene, effected by 
sodium acetate in 73$ yield. Redaction of 4-nitro-3~heptene, a relatively 
hindered nitrcalksne, has demonstrated the importance of keeping the temper- 
ature of reaction below 0°; reduction at 0° gave, in addition to 4—nitrohep- 
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tane (k3%), a complex mixture (20J&) which exhibited infrared absorption for 
hydroxyl and amine groups. It is apparent that reduction of the nitro group, 
DoaBiblv to an oxime. a hydroxylamine. or an amine, has been effected; further 
study of this reaction is in progress. 

7i 8ELBeTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH SODIUM TRIMETHOXY- 
BOROHYDRIDE; NITROALKANES,    ~~  ~   ~~~ 

Selective reduction of the carbon-carbon double bond of the conjugated 
nitroolefins: 1-nitropropene, 2-raethyl—1-nitropropene, 2—nitro—1-butene and 
2—nitro-2-butene with sodium trimetboxyborohydride in ethyl ether—tetrahydro— 
furan has been reported previously from this laboratory.• The reduction pro- 
ceeds by hydride transfer according to Equations 17 and 16; a secondary re- 
action occurs by addition of the anion of the reduced product to the nitre— 
olefin to yield the corresponding 1,3-dinitroaltane (Equation 19, Michael 
addition). 

RR,C=^R"NC2 + NaBH(0CH3)3 —- RR,CH-CR'*N02Na + (CH30)3B (17) 

RR'CH-CR,,N02Na + H
+  fc RR'CH-CHB"N02 + Na

+ (18) 

RR'CH-CR"(N02)- + RR«C=CR"N02 —* RR'CH-CR"(N02)-CRR'-CR"(N02)-  (19) 

Herein are reported the final experiments for reduction of 1—nitropropene 
( and 2—nitro—1-butene. It is also reported that extension of the reduction re- 

action to omega-nitrostyrene, k—nitro-3-heptene, k,^,5i5>6,6,6~heptafluoro-2- 
nitro-2-hexene, 5>5>6,6,7,7,7-beptafluoro-3-nitro-3-beptene and 3,3,3-trichloro- 
1-nitropropene yields the corresponding saturated nitroalkanes in ^6.6,  55* 
Ok,  91 and kk.2f>  yields, respectively. Reduction of omega-nitrostyrene re- 
sults in formation, along with 1-nitro—2-phenylethane, of l,3-dinitro-2,l*— 
diphenylbutane (tent.) as two racemates. Structures of these two racemates 
are based on their quantitative analyses, their chemical, physical and infra- 
red properties and upon synthesis of one of the racemates by base-catalyzed 
addition of l-nitrc—2—phenylet'nane to omega—nitrostyrene. 

Reduction of k—nltro-3-heptane with sodium trimethoxyborohydride proceeds 
very slowly even at 0° uu<l  ..as accompanied by formation of «m amine (unidenti- 
fied) and a carbonyl compound (unidentified). Purification of the U-nitrohep— 
tane may be accomplished with little difficulty, however, by distillation at 
reduced pressures. The relative resistance of k-nitro-3-heptene to reduction 
may be attributed to possible steric factors involving the complex nitroole— 
fin and the hindered trimethoxyborohydride ion. 

The reduction of 4,l*,5,5,6,6,6-heptafluoro-2-nitro-2-hexene and 5,5,6,6,7- 
7,7-heptafluoro-3-nitro—3-heptene occurs with rapidity and in high yields; the 
eftse of reduction of these fluorinafced nitroolpfins can be associated with their 
relatively electron-deficient carbon—carbon double bonds. The structures of 
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1,1,1,2,2,3 ,3-beptafluoro-5-nitrobexane and 1,1,1,2,2,3,3-beptafluorc—5—nitro- 
beptane were assigned on the bases of their physical constants and upon con- 
version to the 2,4-dinitropbenylbydrazones of l*,U,5,5,6,6,6-heptafluoro-2— 
hexanone and 5,5,6,6,7,7,7-beptafluoro-3-heptanone, respectively. Seduction 
of 5f3>3—trichlorc—1-nitropropene is effected without displacement of allylic 
chlorine; the Michael addition product l^l-trichloro-J^-dinitro-l*—trichloro- 
methylpentane is also formed in 32.1$ yield. The structures of 1,1,1-trichloro-- 
3-nitropropane and l,l,i-trichloro-3,5-dinitro-lt—trichlorometbylpentane were 
based on quantitative analyses and infrared spectra. 

( 

8.  SELECTIVE REDUCTION OF CONJUGATED NITROOIEFINS WITH LITHIUM ALUMINUM 
HYDRIDE; NITROALKANES.  

It has been reported recently by Gildorf and Nordr" that 2-nitro—1-phenyl- 
1-propene and omega-nitrostyrene and by Cook, et al   that h,k,5,5,6,6,6— 
heptafluoro-2-nitro-2-hexene and 5> 5,6>6,7,7,7-heptafluoro-3-nitro-3~heptene 
may be reduced to the corresponding saturated nitro compounds with lithium 
aluminum hydride at -hO  to —50°. The procedure used in their studies is that 
of addition of lithium aluminum hydride to the conjugated nitroalkanes. Since 
it has been found in the present studies that a successive reaction occurring 
in the reduction system is addition of the reduced product to unreduced nitro— 
alkane, an investigation has been made of the reduction of 5>5>6,6,7,7>7— 
heptafluoro~3—nitro-3-heptene and 3>3>3_trichloro—1-nitropropene with lithium 
aluminum hydride at -55°• The order cf addition of reagents in the present 
experiments is that of conJugat6dnitroaikene to-lithium aluminum hydride. 
It has been found-that reduction occurs efficiently to give 1,1,1,2,2,3,3- 
heptafluoro-5-nitroheptane and l,l,l-trichloro-3-nitropropane in 85.3 and 
kkfy  yields, respectively. It is believed that the procedures of the present 
research are more satisfactory than those previously reported in that the 
competing Michael addition reactions yielding 1,3-dinitroalkanes are minimized 
or avoided. Additional studies of reduction of conjugated nitroalkenes with 
lithium aluminum hydride are in progress to illustrate the value cf this 
method. 

*s 
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9.  SELECTIVE REDUCTION OF CONJUGATED NITROOLEFINS WITH SODIUM BOROHYDRIDE; 
NITROALKANES.   

A study has been initiated to determine the possible use of sodium boro— 
hydride fur selectively reducing the carbon-carbon double bond of conjugated 
nitroalkenes. An attempt to reduce 5>5>6,6,7,7,7-heptafluoro-3-nitro-3- 
heptene with sodium borohydride in ethyl ether-tetrahydrofuran at -650 was 
unsuccessful; the initial material was recovered. It was concluded that the 
solubility of sodium borohydride in tetrahydrofuran-ethyl ether is not suffi- 
cient for rapid reduction to be effected. Studies have therefore been made to 
determine the utility of sodium borohydride in absolute ethanol as a reducing 
agent. It has thus been found that the carbohydrate derivative, D-arabo— 
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tetraacetoxy-1-nitrc—l-hexene, upon reduction with sodium borohydride at 0° in 
absolute etbanol, gave 1-nitro-l,2-dideoxy-D-^rabo-bexitol tetraacetate in 
63.9^ yield upon acidification with urea-acetic acid. The general stoic- 
hiometric relations of this reduction reaction are (Equations 20 and 21): 

1*RR'C=CR"N02 + RaBH* —-}   tRRlCH-CR"(N02) ]i»BNa (20) 

[RR*CH-<:R"(lKfe)]»Ua + CH3-C02H + 3H20 —^ RK,CH-CHR"N02 + CH3-C02Na + H3B03 (21) 

The possible further advantageous use of sodium trimethoxyborobydride as a 
reducing agent for conjugated nltroolefins is being investigated. 
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Experimental 

1. BEACTIOS OF l-BROMO-Ll-DIWITBOETHAHS AMD SODUM DUTTL MALONATEt 
FOBMATIOP OP SODItM l.l«DHHTROETHANK AWE TETRAETHYL CTHAHE-1.1.2.2- 
TETRACABBOSYIATE. 

A solution of sodium diethyl malonate (0.20 mole) vas prepared by 
adding diethyl malonate (32.06 %,,  0.20 mole) to sodium ethoxide (prepared 
from 5.60 g., 0.20 gm. atom of sodium) In absolute ethanol (220 ml.). 
l-Broao~l,l-dlnitroethane (19*9 g., 0.10 mole) vas then added dropvise In 
one hour to the cold (5-10°), stirred solution of ethanollc sodium diethyl 
malonate. A yeliOv precipitate formed almost Immediately upon addition. 
The mixture vas stirred at room temperature for 20 hours and then poured 
into a beaker ami stirred vith dry ether C*00 ml,) to precipitate the 
insoluble sodium salts. The suspension vas then filtered; the precipitate 
vas vashed vith ether and dried. The initial precipitate (Ppt. I) vas 
composed of pale-yellov salts and weighed 21.3 g. The filtrate from Ppt. I 
vas evaporated nearly to dryness (crystals separated)) addition of dry 
ether (300 ml.) gave a second crop of sodium salts (pale-yellov) weighing 
5.7 g. (Ppt. II). 

The filtrate from Ppt. II vas evaporated to one-fifth Its volume and 
then diluted vith Skellysolve F (50 ml.) A pale-yellov insoluble product 
(Ppt. Ill) vas obtained, end then filtered, vashed vith ether-Skellysolve F 
(1:5) and driedj the product vas Identified aB tetraethyl ethane-1,1,2,2- 
tetracarboxylate (m,p. 71.j>-73°): 19.8 g.. 62.3$ yield. Becrystallizetion 
of the tetraethyl ethane-I,i,2,2-tetracarboxylate from absolute ethanol 
raised its melting point to 7k.5-75.5°. An authentic specimen melted at 
7^.5-75°; the mixed m.p. vas 7^.5-75.5°. The filtrate vas stripped of 
solvents under vacuum to leave a residue weighing 10.8 g. 

Anal, of Ppt. It A 10.00 g. aliquot of Ppt. I vas dissolved in vater 
(150 ml.). Aqueous silver nitrate (17 g. in 50 ml. of vater) vas added to 
this solution, A mixture of silver salts vas obtained which vas filtered 
and vashed vith vater (crude weight, 15.8 g.). The salts vere suspended 
la 50* aqueous ethanol (100 ml.) and treated vith 5H nitric acid (50 ml.) 
to dissolve the precipitated silver 1,1-dinitroethane. The remaining salt 
vas filtered, vashed vith vater, ethanol and ether and dried in an oven 
at 120° for 5 hours. Sirrer bromide (7.83 g.) vas recovered. Thie corresponds 
to *».29 g. of sodium bromide In the aliquot and $.lk  ft. inThe original salt. 

A sample of Ppt. I (O.OI581 g./l. lC-3lt sodium hydroxide) vas analyzed 
by ultraviolet methods to determine its sodium 1,1-dinitroethane content. 
The sodium 1,1-dinitroethane oontent vas found to bs 39.7$ of the weight of 
sample and corresponds to 8.52 g. of sodium l,l«dinltroetfcane in the 
original precipitate. 

Anal, of Ppt. II; The mixed salts in Ppt. II vere analyzed in the same 
manner as described for Ppt. I. The weight of aodlum bromide vas found to 
be 1.21 gjj the velght of t, odium i.l-dlnltroethane vas 1.15 fi. In addition 
to these salts, 0.15 g* of impure tetraethyl«thane-l,l,2,2-tetracarboxylate 
(m.p. 67-68°) vas isolated. 
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Anal, of Residue:    An aliquot (1.5815 g.> 0.0151 mole if all 1,1- 
dlnltroethane) of the residue from Pnt. Ill was dissolved in ethanol (8 mi./ 
and added to sodium hydroxide (U.O g"., 0.10 mole) in vater (kO ml.) at 
room temperature.    The solution of salts was diluted with hO% aqueous ethanol 
to one liter and then rediluted with vater at a ratio of 1:100.   The mixture 
was analyzed by ultraviolet methods; its Eoaz at 579-581 mu was found to be 
0.572 (d s 1.00).   From this data, the residue was found to contain VT.k1> 
or 1.88 g.  of 1,1-dlnltroethane. 

An aliquot portion of the residue (5.00 g.) was vacuum distilled to 
remove the 1,1-dinitroethana and any free dlt>„hyl malonate that might be 
present.   A fraction distilling at 59-68° v^.5-5 turn.) and weighing 1.75 g. 
was obtained.    The infrared spectrum showed that the gem-dlnitro and ester 
groups were present in about equal intensity.    The composition was determined 
to be 52 mole percent diethyl malonate and h& mole percent 1,1-dinitroethane. 
Thus, 1.55 g» of 1,1-dinitroetfcane and 2.25 g. of diethyl malonate could be 
Isolated from the entire residue (compare the value of 1.88 g. of 1;3- 
dinltroethane obtained from ultraviolet analysis)•    The distillation residue 
was dissolved In absolute ethanol (ca. 2 ml.) and Skellyeolve P (5 ml.) was 
added.    Upon cooling the mixture in a Dry Ice chest and then filtering. 
1.06 g. of impure tetraethyl ethane-l,l,2,2~tetracarboxylate (m.p. h6-h&°) 
was isolated.    The non-cryetallizable residue (n£c 1.M02; infrared spectrum 
showed the presence of ester groups) weighed 2.04 g. 

The reaction of l-hromo-ltl-dlnitroethene and sodium diethyl malonate 
is summarized: the yleld'of 1,1-ainltroethane (all"'fractionBT"w"as Tffi' 
the combined yield of tetraethyl ethane-l,l>2,2-tetrscarboxylat9 was 66%t 
the recovery of sodium bromide was 100$. 

2.    REACTION OF PIFERIDHiE ASP l-CELOBO-l.l-DISITROETH^^I FORMATION 07 
PIFERIDINIIM  1,1-DIKlTRQETBAKS AND PIPE3IDINIIM CHLQBlDE. 

l-Chloro-l,l-dinltroethane (15.5 g., 0.10 mole) waB added rapidly to 
a solution of piperldlne (17.0 g., 0.20 mole) in anhydrous ether (100 ml.). 
The resulting pale-yellow solution was shaken, then allowed to stand at 
room temperature.    After one hour, fine needles began to precipitate; after 
two days, en oil began separating.    The oily precipitate was filtered and 
washed with ether containing a small amount of ethanol (to dissolve the 
oil); the filtrate and washings (i) were combined and saved.    The golden- 
yellow precipitate, after being dried in a desiccator over calcium sulfate 
for 2 days, weighed 7.5 g. 

The yellow precipitate of salts was analyzed by ultraviolet methods 
and found to contain fo.5% tor U.27 g.) of plperldlnium 1,1-dinltroethane. 
The mixture of precipitated salts was then analyzed for piperldinium chloride 
in the following manner:    A "5.00 g. aliquot of the salt was treated with 
excess silver nitrate; the mixture of silver salts formed was acidified with 
nitric acid in aqueous ethanol in order to dissolve the precipitated silver 
1,1-dinitroethane.    The silver chloride left, upon being filtered and dried, 
weighed l.lV g.    The silver chloride isolated is equivalent to le*»0 g. of 
plperldislug chloride in the origins! precipitate of salts. 
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The filtrate (i) was allowed to stand at room temperature for another 
uajr) uv further precipitation or saix was observed. The filtrate vae 
concentrated at reduced pressure; a residual oil remained which contained 
some crystals and weighed 21.2 g. The residue was extracted with a mixture 
of water and ether; the aqueous extract was then diluted with water to 
a stock volume of 1000 ml. The solution was then rediluted, 1:1000, and 
analyzed spectrcphotometricelly. Ultra-violet analysis of the rediluted 
mixture indicated that the stock solution contained piperidlniuo 
lil-dinltroethane in 0.02V? M concentration (equivalent to p.01 g.). The 
remainder of the stock solution was treated with silver nitrate (as 
outlined above), and 0.96 g. of silver chloride wad obtained. The silver 
chloride Isolated is equivalent to 0.6l g. of piperidiniua chloride. 

The ether extract (from the residual oil), after removal of the 
solvent, vas vacuum distilled. The forerun was lachrymatory l-chloro-1,1- 
dinitroethane (l.O g.), b.p. 58-61° (22 mm.). The distillates: Fractions 2 
(1.92 g., b.p. 72-85° (3 mm.), ng° 1.48U0) and 3 (2.98 g., b.p. 85-88° 

(3 mm.), Up l.U89l)^and the residue (3.0 g.) were not identified further. 

The products of reaction of l-chloro-l,l-dinitroethane and piperldine 
are summarized; piperidiniua 1,1-dinltroethace (9.28 g., 1+8.6ft yield}, 
plperidlnlum chloride 12*.21 By 20.6% yield), l-chloro--i/l-ainltroethane 
(1,0 g., 6.»»5ft recovery), unidentified distillate (4.90 «•) and unidentified 
residue (3.Q «.). The tote-l weight of isolated products is 20,1* g., theory 
32.5 g.; the material balance is 62.8ft. 

3. REACTION OF SILVER 1.1-DINITBOETHANS AND o-NITROBENZENESULFENYL CHLORIDE; 
o^NITROESENTL lfl-DlNITROETHYL SULFIDE. 

A solution of silver 3,1-dinitroethane (2T.U g., 0.099 mole) in 
acetonitrile (150 ml.) was added in 45 minutes to o-nltrobenzenesulfenyl 
chloride (19.0 g., 0.10 mole) stirred in acetonitrile (150 ml.) at 10°. 
Heat was evolved (the temperature rose slowly to ca. 30°) and silver chloride 
immediately precipitated. After the mixture had stirred for 10 hours, 
the silver chloride was filtered, washed with acetonitrile and dried at 120° 
for three hours} recovery = 12.6 g. (theoretical yield, 14.19 g.). The 
filtrate was evaporated at reduced pressure to dryness. The crude, sweet- 
smelling, oily, tan solid that was isolated weighed 26.4 g. The solid 
vae alternately dried on filter paper and ground in a mortar to express 
and adsorb -;.he oil. The dry, tan solid remaining weighed 22.9 g.j in a Closed 
capillary, it began melting at 75° and decomposed rapidly at 140-1^5°. The 
derivative is insoluble in water, dilute acid and dilute alkali; slightly 
soluble in ether and cold 95# ethanol; soluble in hot 95# ethancl, carbon 
tetrachloride, benzene, acetone, acetonitrile and glacial acetic acid. 

Recrystalllzation of the derivative (2.00 g.) from 95ft ethanol {lk ml.) 
gave pure o-nltrophenyl 1,1-dinltroethyl sulflde (1.1*7 g.) as cream-colored 
needlets, m.p. 80.0-81.6T Evaporation of the filtrate gave additional 
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o-nitrophenyl    1,1-dinitroethyl sulfide (0.27 g.,  impure). 

Anal.   Calcd. for CeHrNaSOe: C, 35.17; H, 2.58; N, 15.58* S, 11.78. 
Found: C,  3^.79? H,  3.00; N,  15.3^; S, 11.72. 

k,    BEAOTIOK OF SILVER 1,1-DIHITBOPBOPAHE AND o-HrTROBENZENESULFEHYL CHLORIDE; 
o-KITBOFHENYL    1.1-DINITRO-n-PROPYL SULFIDE. 

Silver 1.1-dinitropropane (2U.1 g., 0.10 mole) in acetonitrile (150 ml.) 
was added in '+5 minutes to a stirred solution of o-nitrobenzenesulf01 yl 
chloride (19.0 g. . 0 10 mole)  in acetonitrile (l80 ml.) at 20°.    Silver 
chloride immediately precipitated from the solution*    After sr.irrins the 
suspension at 25° for h hours, the salt was filtered, washed with aceto- 
nitrile and ether, then dried in an oven at 90° for 5 hours.    The recovery 
of Bilver chloride wac 1^,36 g.   (theoretical yield s 1^.33 g.).    The 
filtrate was evaporated at reduced pressure to dryaeqs.    The crude, crystalline 
residue weighed 29.0 g.j four de.ys of drying OD filter paper brought its 
weight down to 28.6 g.    The theoretical yield of o:nitrophenyl    l.l-dinitro- 
n-pfopyl sulfide is 28.7 g.    Recryatallization of" the derivative (21,9 g.) 
from 95$ ethanol (160 ml.) gave o-nitrophenyl i.ydipitrp-n-propyl sulfide 
(17.25 g.) as cream-colored needlets, m.p. 90.5-910°^ 

Anal. Calcd. for CgflgNaSOgtC, 37.63; H, 3.l6; N,  lH.63;  S,  11.16. 
Found; C, 37.75; H, 3-27; N,  \k.62;  S, 11.17. 

5. REACTION CF 2-KITR0-l^DuTJgN3 AgS METHANOL; l-MT^Orr^^/JROBUTANE. 

2-Nitro-l-butene (25 g., O.25 mole) was added over a period of U5 
minutes to a stirred solution of sodium methoxide in methanol (5.75 g., 
0.25 uole of sodium in 125 ml. of methanol) at room temperature. Stirring 
was continued for 3 hours following the complete addition of the nitro- 
olefin. The solution was diluted with water (250 ml.), neutralized with 
30$ acetic acid, and extracted k times with ether. These extracts were 
combined and dried over anhydrous sodium Bulfate. The solvent was removed 
under reduced pressure and the residue was distilled; l-methoxy-2-nitrobutane 
(18.9 g.) was produced in 57$ crude yield (b.p. 79.B-Qj7o^"\l2 vmTJl. 
Redistillation in a small column gave a kQJ» yield of pure l-methoxy-2- 
nitrojutane (b.p. 75.2°(ll mm.), ng° 1.1+201, d|g 1.0372). 

Anal. Calcd for CsHxxNOa: C, 1+5.11; H, 8.27; N, 10.52. 
Found: C, 1*5.31; H, 8.U1; N, 10.30. 

The infrared spectrum of the pure product indicates absorption for 
moncnitro-> (6.1* microns) and ether (9.0 mlcrono) groups. 
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6. OmWnVB-lHTRATIOlt OF l-Mmon-2-raraOBPTANEs   lrMgra0XT-g,2--I)mTR0BUTAKg:. 

l-t-i«5Luv>js.jf-2-uitxubu-w»ue (6.65 g., O.Op EOJ.Q) was dissolved in a cold 
solution of sodium hydroxide (2..1 g., 0.052 mole) and sodium nitrite 
(3.7 g-, 0.05 mola, 97# assay) in water (50 ml.) and metbanol (50 ml.). 
This solution vas poured directly into aqueous silver nitrate (17.0 g., 
0.1 mole in 50 ol. of water) which had "been cooled to 0°. After stirring 
for 2 hours, aqueous sodium chloride (10 ml.) was added. The precipitate 
was filtered and washed vith ether. The layers in the filtrate were 
separated, and the water layer was washed 5 times with ether. The extracts 
were combined with the ether layer, washed with saturated sodium chloride 
solution,, and dried over Drierite. Solvent was removed and the residue 
was distilled. A crude yield of 87^ of l-methoxy-2,2-dlhltrobutcne (b.p. 
60.5-62.5°/l.5 mm., 7-75 g.) was obtained. Redistillation of the srude 
material gave pure i»nothoTc^g,2 "/..al'ypbut'in-a (b,p. 67.2°/(3 mm.), 5.M g.> 

"D0 l.*3*5, dfg   1.2107, 61*). 

Anal.   Caicd. for 0^1^205: C, 33.71; H, 5.62} N, 15.75? *®D, 38.38. 
Found: C, 33.70, 33.80; H, 5.69, 5.55; 

H, 15.71, 15.72; MRj), 38.33. 

The infrared spectra of the product exhibits characteristic absorption 
for gem-dinitro (6.3 microns) and ether (9.0 microns) groups. 

7. REACTION OF AHILIHE AMD 2-NITR0-l-BI7rENEt 2-NITB0-l~PHENYTAMI»0BUTAKE. 

Aniline (22.0 g., 0.237 mole) was added dropwise to well-stirred 
2-nitro-l-butene (25.0 g., 0.25 mole) at temperatures below 30°. A solution 
of the resulting yellow solid in dry ether (250 ml.) was then dropped 
Into cold ethereal hydrogen chloride (250 ml.). The amine hydrochloride 
that precipitated was triturated twice with metbanol-ether (l:2) and 
filtered. A crude yield of 67 g. of 2-nitro-l-phenylaminobutane hydro- 
chloride was obtained, m.p. 131-1350. 

The hydrochloride was dissolved in water (500 ml.) and converted to 
the free amine by the addition of dilute sodium carbonate. The basic 
solution was extracted 3 times with ether. The extracts were combined, 
dried over sodium sulfate, and concentrated under reduced pressure. Upon 
distillation under nitrogen atmosphere,the residue gave crude 2-nitro-l- 
phenylaminobutane (35.8 g., b.p. 13^-137°(1.5 mm.), 78% yield) as a yellow oil. 
Redistillation of the product yielded pure 2-nitro-l-phenylaminobutane: 
b.p. 121°(0.1 mm.), ng0 1.51*67, d|g 1.1128, yield of 70*. 

Anal. Csled. for CloH14Hg02: C, 61.86; H, 7.22; N, l^M}  MRj, 55.67. 
Found: C, 62.15; H, 7.27; N, lJv.8i; MRD 55.26. 

i 

Infrared analysis of the product shows the presence of amine (2.95 and 
6.16 microns), mononitro (6.k microns) and phenyl (13.25 and lU.5 microns) 
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A 8. OnDATTVE-WITBATIOH OF 2-HITIW-l-PB3»YLAMIH0BI7rANB; 2.2-DINITB0-1- 
PHEHYIAMIROBOTANE. 

2-Hitro-l-phenylaminobutane (U.65 g., 0,025 mole) vas dissolved In a 
cold solution of sodium hydroxide (1.12 g., 0.028 mole)' and sodium nitrite 
(1.72 g., 0.025 mole) in vater (30 ml.) and methanol (50 ml.). The mixture 
vas poured directly Into cold aqueous silver nitrate solution (6.5 g»> 
0.05 mole in 50 ml. of vater and 100 ml. of ether). After the mixture had 
stirred for 5 hours, brine (20 ml*) vas added, and the solution vas 
filtered. The silver precipitate vas vashed vith ether. The aqueous layer 
in the filtrate vas separated and vashed 3 times vith ether. The extracts 
and the ether layer were combined, vashed vith saturated sodium chloride 
solution and dried over Drierite. A dark oil remained after the Bolvent 
had been distilled off under reduced pressure. The oil vas decolorized vith 
charcoal and added immediately to ethereal hydrogen chloride (250 ml.) at 
0°. The nearly-vhite precipitate vas filtered and dried, yielding the 
hydrochlorlde of 2,2-dlnltro-l-phenylamlnobutane (3.21 g., m.p. 72-73°, 
^5$).This product decomposes to a dark oil unless it is refrigerated. 

Anal. Caicd. for C10Hi4N304Ci: C, k3.fr}  H, 5*10; N, 15.28. 
Found: C, 1*3.61*, 1*3.69; H, 5.37, 5.20; 

N, 15.20, 15.1*3. 

9. REACTION OF 2-HITRO-1-BT7TEHE AMD ETHANETHIOLl ETHYL 2-NITBO-l-BffTYL THIOETHER. 

•Sodium methoxide (5.75 g.> 0.25 mole    of sodium in 100 ml. of methanol) 
vas added slowly vith stirring to a solution of ethanethiol (2l* g., 0.39 
mele •    in methanol (60 ml.) at -5°.    2-Nitro-l-butene (25 g., 0.25 mole)    vas 
then added over a period of 1*5 minutes.    After an hour of Btirring at -5°, 
the solution vas diluted vith vater (UOO ml.) and acidified vith 30$ acetic 
aoid.    The thicrether vas extracted vith ether and dried over anhydrous 
sodium sulfate.    Removal of the solvent and distillation of the residue 
produced a yellov oil (3^.1 g., b.p. 87.5-90.0° (12 mm.), 61*$).    Redistillation 
on a small column gave pure ethyl z«nitro-l»butyl thio-ether (b.p. 63.0° 
(3 mm.), 30.60 g., ng° 1.1*752, d*jj   1.0642, 75$T MRD caicd: 1*3.21, found: 
1*3.1"*).    The infrared spectra of the product exhibits absorption characteristics 
of mononitro (6.1* microns) and thioether (9.0 and 11.85 microns) groupB. 

Anal.    Caicd. for CeHujNOgS: C, M*.17; H, 7.98> N, 8.59. 
Found: C, 1*1*.36, 1*1*.31; H, 8.11, 6.17; 

N, 8.1*1*, 8.52. 

10. OXIDATIYS-NITBATION OF ETHYL 2-NITB0-1-BUTYL THIOETHER; ATTEMPTED 
PREPARATION OF *53XL 2.2-^)IBm0^-BUT?L THIOETHER. 

2-Nitrc=l=butyl thioether (**.17 g., 0.0256 mole.) vas dropped slowly 
into a cold solution of sodium hydroxide (1.10 g., 0.025 mole) and sodium 
nitrite (1.90 g., 0.027 mole', 97$ assay) in vater (30 ml.) and methanol 
(20 ml.). Vigorous shaking of the mixture for several minutes vas required 
before the .nitrothioether vas completely dissolved. The solution vas then 
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poured directly into aqueous silver nitrate (8.50 g., 0.05 mole  in water 
(50 ml.) end ether (100 ml.) at 0°. A black silver precipitate formed 
immediately. The reaction mixture new exhibited a strong lachrymatory odor. 
Upon stirring the reaction mixture for 3 hours, no apparent changes could 
he observed. Brine (10 ml.) was added and the solution was filtered. The 
precipitate was washed with hot benzene (2 x 10 ml.) and ether (3 x 20 ml.). 
The aqueous layer in the filtrate was separated and extracted 3 times with 
ether. 'i*he extracts were combined with the ether layer, washed with 
saturated sodium chloride solution, and dried over anhydrous sodium sulfate. 
Removal of the solvent under reduced pressure and distillation of the 
residue yielded 0.5h g. of a yellow oil (67-85°/0.8 mo.). Infrared analysis 
indicated that this material was a mixture of mononltro (6,k M  ) and 
dinltro (6,3u  ) thioethers. 

; 

It was concluded from this experiment that the principal portion of the 
starting material was converted to 2-nitro-l-buteue, apparently at the 
moment of contact with the Bilver nitrate solution.    Although the salt of 
ethyl 2-nitro-l-butyl thioether seemed entirely Btable, a critical factor 
was found in its preparation.    If the selt of the mononltro compound was 
not dissolved in a minimum of solvent (water-alcohol) and used within a 
half-hour or so, after its preparation, no black precipitate was formed 
upon addition of sodium nitrite-silver nitrate reagents. 

11.    OHDATIVE-HITRATION OF ^-RITROPEWTANAL; U.U-DINITROPENTANAL. 

U-Nitropentanal      (5.32 g., 0.04l mole, b.p. 8U-88° (2.5 mm.), in 
75 ml. of methanol) was dissolved in aqueous sodium hydroxide (1.6U g., 
O.OlU mole, in 10 ml. water) at 0° (15 minutes).    Sodium nitrite (2.83 g., 
O.Oltl mole, 97% assay, in 10 ml. of water) was added and the solution was 
poured into stirred aqueous silver nitrate (13.9^ g., 0.082 mole,  in 
100 ml. of water) and ether (75 ml.) at 0-5°,    Silver was deposited very 
slowly.    After one hour at 06, the reaction mixture was brought to room 
temperature for one hour.    The mixture was filtered and extracted with 
ether.    The ether extracts were washed wixh saturated sodium chloride and 
then with water and dried with Drierite.    Distillation of the reaction 
mixture gave l»,l»-dinitropentan6l (k.k} g., 6l.6<f> theory, b.p. 123-12^.5° 
(k mm.), ng2 1.H0Y5, d|£    1.3253);lit.^   b.p. 97-97.5° (0.8 mm.), 
d20    1.328U, nf,    1.1*650, MBD (calcd.)  36.65, MBD (found)  36.65). 

4,lv-Dinitropentanal wae characterized as its semicarbazone (m.p. 
153.5-15^.5°; lit.,32   m.p. 15^.5-155.5°) and its p-nitrophenylhydrazone 
(m.p. Ik2-lk3°} lit.,^   m.p. ltl-1420). 

12. 0XISATI7E-NITRATI0N OF L.lri.2.2.^^-H£FTAFLlX)R0-5-»|-ITR0HEPTAMEt 
lA.l^^^.S-HEFTAFLaDBO-g.^IWITBOHBFTAME. 

l^l#lL,2,2i>3-3-Beptafluoro-5-.nitroheptane (^.73 g., 0.017 mole) in 
methanol 150 ml.) was slowly mixed with aqueous sodium hydroxide (0.72 g., 
0.018 mole, in 20 ml. of water) at 10° and the solution was allowed to stand 
for 10 minutes.    Sodium nitrite (1.25 g., 0.018 mole) was added and the 
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cooled solution wae poured Into stirred silver nitrate (6,12 g., 0.036 mole) 
in vater (75 ml.) and ether (100 ml.) at 5°.    After 30 minutes the cooling 
uoih was  removed auu  the  reaction mixture was  stirred at room temperature 
for 2 hours.    Brine (5 ml.) was added, and the mixture was filtered by 
suction.    The silver deposit vas washed liberally with ether, and the aqueous 
layer vas extracted several times vlth ether.    The combined ether washings 
end extracts were washed with vater, brine and dried over Drlerite.    After 
ether had been distilled, the crude product vas distilled at reduced 
pressure, giving l,l,l.2,2,3,5"nePtafluoro~5j5^*°*'fcrODeP'fcaDet Fraction 1, 
0.68 g., b.p. 1*8-52° (2 mm.;, njju 1.3648, Fraction 2, 3.34 g., b.p. 52-53° 
(2 mm.), t$° 1.3660, total yield, U.02 g., 74.9# theory.    Redistilled 
l,l,l,2,2,3,3-heptafluoro-5,5 dinitroheptane has the following physical 
properties; b.p. 73° (9 mm.;, ng° 1.3708, d|§    1.5382, MRD (calcd.) kS.hS, 
MRD (found) 46.58.    Infrared analysis of the heptafluorodinitroalkane shoved 
the dlnitro absorption band at 6.25 microns instead of the usual 6.3 microns 
for gem-dinltroalkanee. 

Anal. Calcd. for 07^7^04:  C, 26.59;- H, 2.23; N,  8.86. 
Found: C, 26.85} H, 2.>4> N, 8.97. 

13.    REACTION OF 1-BR0M0-2-PEEKYLETHAHE ASP SILVER NITRITE;   l-ffy?K0-2- 
PflSNYLETHANE. 

Silver nitrite (40 g., 0.26 mole) WSB introduced into a one liter,  round- 
bottomed flask, equipped with a condenser, a stirrer and a dropping funnel. 
The mixture vas cooled to 0° at.d l-bromo-2-phenylathane (31.59 g., 0.17 mole) 
was sdd*>u dropvise in one hour.    The reaction mixture vas stirred at 0° for 
5 hours and then left to stir overnight at room temperature.    After heating 
the mixture for 5 hours on a  steam bath,  ethyl ether (150 ml.) was added and 
the silver bromide vas filtered by suction.    Vacuum distillation of the 
solution gave the following fractions:    Fraction 1,  3.35 g., b.p. 45-55° 

(1.5 mm.), d^    1.0638; Fraction 2,  2.10 g., b.p.  65-70° (1.5 mm.), 
d|§    1.0680) Fraction 3,  3.45 g., b.p. 70-77°(l.5 mm.),  d|£    1.0837J 

Fraction 4,  12.00 g., b.p.  77-85° (1.5 mm.), d|°    1.1354.    Rectification of 
Fraction 4 in a helix-packed column  (1.5 x 13 cm.) gave l-nitrp-g-pheny].ethane 
11.25 g., 43.6* yield, b.p. 88-890 (2 mm.), ng8 1.5258,    dgg    1.1239; 
MRp (calcd.) 41.37, MRD (found)  41.27;  lit.1?   b.p.  74.5-75.5° (0.5 mm.), 
nS   1.5273, a|§   1.1225. 

14.    OXIDATIVE-NITRATION OF l-NITB0-2-PHEinrLSTHAWE}  l.l-DDTITBO-2-PHEyYLgTHAirE. 

l-Nitro-2-phenylethane (5.54 g., 0.037 mole, b.p. 66-69° (3 mm.), 
d2o    1.1239)  in methanol (40 ml.) vas added slowly to aqueous sodium 
hydroxide (1.52 g., O.038 mcle)  in 20 ml. of vater; the solution was allowed 
to stand for one half hour below 10°.    Sodium nitrite (2.62 g.,  O.038 mole) 
in 10 ml.  of water was added and the mixture was cooled in an ice-bath.    Tne 
yellow solution was poured rapidly into a stirred solution of silver nitrate 
(11.92 g., 0.076 mole) in water (100 ml.) and ethyl ether (100 ml.) at 0°. 
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After y> minutes the cooling bath was removed and the reaction mixture W&B 
stirred at room temperature for 2 hours. The deposition of silver during 
oxidative—nitratirm 1ms v»rv TATVM.  Tirana (*  si") ***• S*d*d* ***• sictCTS 
vas filtered by suction. The silver deposit was washed liberally with 
ether. The ether extracts were combined, washed with saturated sodium 
chloride solution and water, dried with Drierite, filtered, and then evaporated. 
A crystalline residue remained which upon recrystallization from petroleum 
ether gave 1, l-dlnltro-2-pheoylethsne 3.97 g., 54.7^ yield, m.p. 41-42°, 

infrared absorption for gem-dinitro group at 6.3 microns. 

Anal. Celcd. for CeHelfeO*: C, 48.98; H, 4.111 R, 14.28. 
Found: C, 49.21; H, 3.8l; N, 14.30. 

Potassium l,l-dinitro-2-phenylethane (0,626 g., 0.0022 mole, 87.7# 
theory) was obtained as a yellow salt by treating l,l-dinitro-2-phenylethane 
(O.598 g., 0.0031 mole) in methanol (10 ml.) with methanolic potassium 
hydroxide.    The precipitated potassium salt was filtered, washed deveral 
times with ethyl ether, dec. range, 143-150°.    Solubility of potassium 
l,l-dinitro-2-phenylethane in water, 1 part to 7.01 parts water. 

Silver l,l*dinitro-2-phenylethane was obtained as a water-insoluble 
grayish yellow solid (0.435 g., 0.0014 mole, 92.0# theory) on mixing aqueous 
solution of potassium l.l-dinitro-2-phenyl3thane (O.365 g., 0.016 mole) and 
silver nitrate; dec. range>  l40-l48°, at vhich silver salt began to deposit 
silver mirror. 

15.    07IDATIVE-NITPATI0N 0? NITROdCLOPENTANEj DXNT^QC^CTJQPEKTANE. 

Nitrocyciopectane (7.22 g^,  0.063 mole)  in methanol (100 ml.) was 
slowly mixed with aqueous sodivmhydroxide (2.6 g,, O.O65 mole,  in 15 ml. 
water) and the solution vas allowed to stand for 15 minutes below 15°. 
Sodium nitrite  (4.5 g., 0,065 mole,  in 15 ml.  of water) was added and the 
mixture was cooled in an ice-bath and poured into stirred silver nitrate 
(22.10 g., 0>13 mole,  in 100 ml,  of water), aqueous sodium hydroxide (5^, 
1 drop), and ether (100 ril.).    After 30 minutes the cooling bath was removed 
and left stirring for an pddifjjotil4 hours.    Silver deposition was very 
slow; brine (5 ml,) was added and the mixture filtered by Buction.    The 
combined ether washings were washed with saturated sodium chloride, with 
water and dried with Drierite.    Distillation under reduced pressure gave 
dinltrocyclorontane (5.63 g., 55.8£ theory, b.p. 78    (2 mm.), n5° 1.4655, 
*f»0    1.2809).    Rectification of the dinitrocyclopentane in a helix-packed 
column (1.5 x 13 CIE.) gave a product of the following properties: 
bsp. SO© (2 mm.), n« lt^^af ^g    1#28i8, MED (oiled.) 34.605, MRD (found) 
54.65. 

Anal.    Calcd. for C5HBN204: C, 37."50; H, 5.04} N, 17.49. 
Found: C, 37.80; H, 5.17; N, 17.14. 
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16. 0XIDATIVE-4HTRATI0H OF 2.2-DIMEIHYL-1-NITR0PR0PAHE; 2,2-DIMBEgYL- 
1, 1-SINIXROBHO?AHE (XfgfiUV JSP Y IELD) r - - . . . . . . •  

2-Methyl-l-nitronroDane (9.56 g. O.o8l mol*?} in methanol (SO ml.) 
was added to aqueous sodium hydroxide (4.2 g., 0.11 mole, in 20 ml. water) 
a'^ 0°. Sodium nitrite (7.5 g., 0.11 mole, 97$ assay) was added and the 
solution was poured into stirred aqueous silver nitrate (34.0 g., 0.20 mole, 
in 150 ml. water) and ether (100 ml.) at o-5°. Silver deposits were formed 
rather rapidly. After one hour hrine (5 ml.) was added; the mixture was 
left overnight since it was difficult to filter the finely divided silver 
precipitate. The mixture was filtered through a layer of Celite and washed 
with additional ether. The combined ether extracts were dried with 
Drierite and evaporated, leaving an oily rasss which was purified hy 
recrystallization from Skellysolve F, followed by sublimation to give 
2,2-dimethyl-l,1-dinltropropane (7.35 g., 55.5# theory, m.p. 64-65°; 
lit,,4G m,p. 6&.5-65'->,   

17. OXIDATIVB^NITRATlOn OF CYCLOHiKYLHITROMErBANE; CYCLOHEXYLDINITROMEniANE 
(IMPROVED -YIELD )r 

Cyclohexylnitromethane (5.20 g., O.036 mole, ng° 1.4635, d|8 1.0405; 
obtained from Dr. N. Korriblum) in methanol (70 ml.) was slowly added to aqueous 
sodium hydroxide (1.52 g., O.O38 mole, 9Tf>  assay, in 15 ml. water) and the solu- 
tion allowed to stand for half an hour below 150. Sodium nitrite (2.62 g., 
O.O38 mole, 97$ assay, in 7 ml. of water) was added and the mixture was cooled 
in an ice-bath and poured rapidly into a stirred solution of silver nitrate 
(12.9 g., O.076 mole, in 50 ml. water) and ether (75 ml.) at 0°. After 30 
minutes the cooling bath was removed; brine (5 ml.) was added, and the mix- 
ture was filtered by suction. The 3ilver deposit was washed repeatedly 
• 11.11    cuijcr;    Tuc   CHKI    lojcx    J.u    uuc   iiiuaw   woo    DCfouai/cu   ouu    wis   BVJUCUUB 

layer was washed with ether. The ether washings were combined, washed with 
brine, water, and dried with Drierite. Distillation under reduced pressure 
gave cyclohexyldinitromethane (4.72 g., 69.7% yield), b.p. 94° (2 mm.), 
ng° 1.4767, .dj£S- -1.2129, -MD.(.calcd.) 44.79, Mfcl (found) 1*3.82. 

Anal. Calcd. for C7H,2N20U: C, 44.67; H, 6.43; N, 14.89. 
Found: C, 1*4.87, U4.93; H, 6.69, 6.45; 

N, 14.82, 14.98, 

1C. REACTION OF SILVER NITRITE AND ETHYL 3-BROMOBUTYRATE; ETHYL 3-NITR0BUTYRATE. 

Silver nitrite (6l.6 g., 0.40 mole) was introduced into a one liter, 
round bottomed flask, equipped with a condenser, a stirrer and a dropping 
funnel. The flask was cooled to 0° and ethyl 3-bromobutyrate (60 g., 0.31 mole, 
b.p. 67-66° (6 mm.), n§5 1.4472, d|§ 1.3366, Sapcn Laboratories, Inc.) was 
added dropwise in one hour. The mixture was then stirred at 0° for 4 hours. 
The mixture was left overnight at room temperature and then heated at 70° for 
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7 hours. Ethyl ether (150 ml.) was added and the silver bromide vas 
filtered by suction. Vacuum distillation of the reaction mixture gave the 
following fraction** 

.2 

•?T*i«t.i.:.n 1. ili.2 5., b.p. *o *fi° r'x ^    -29 -.   1.1 <:a 

1.0584, Fraction 2, 13.8 g., b.p. 60-70° (3 mm.), nP 1.4205, 

d§jj   1.140Q, Fraction 3, 7.7 g., b.p. 70-77° (3 nan.), njp 1.1408, d^   l.l4©8, 

Fraction 4, 6.5 g., pot residue.    Fraction 3 vas rectified in a helix-packed 
column (1.5 x 13 cm.)    to yield ethyl 3-nitrobutyrate, 7.2 g., l4# yield, 
b.p. 72-73° (2 am.), n£5 1.48*1, d|g   I.1U08, MF- (calcd.) 37.13, MBD (found) 
36.06.    Infrared analysis of the product shoved the usual mononltro 
absorption at 6.4 microns, and strong nitrate absorption at 6.1 microns. 

Anal. Calcd. for C6H11UO4: C, 44.71) H, 6.88J N, 8.69. 
Found: C, 44.46) H, 6.65) N, 8.49. 

Fraction 2 (13.8 g., b.p. 60-70° (3 mm.), n2^ 1,1*205, d^°    l.l400) vas also 
rectified in a helix-packed column (1.5 x 13 cm.) to yield nearly pure 
ethyl 3-nitrobutyrate (5.6 g., 11* yield, b.p. 69-70° (2 mm.), n|5 1.1*236, 

<I|Q    1.138).    Infrared analyses of all fractions indicated   alvays    the 
presence of nitrate (6.1 tuicrons) groups. 

19.    QCDATIVE-NITRATIOH OF BIBTL 3-NITROBt7rmATE^    ETHYL 3t3-DIHTTB0BPTYRATE» 

Ethyl 3-nitrobutyrate (4.95 g., 0.031 mole) in methanol (35 ml.) vas 
slowly mixed vith aqueous sodium hydroxide (1.4 g., C.035 mole, in 15 ml. of 
water) and the solution vas allowed to stand for 15 minutes belov 15°. 
Sodium nitrite (2.4 g,, 0.035 mole) in 10 ml, of water vas then added.    The 
mixture was cooled In an ice-bath and poured into stirred silver nitrate 
(11.9 g., 0.07 mole) in water (110 ml.) and ether (100 ml.) at 5C.    After 
30 minutes the cooling bath was removed.    The color of the reaction mixture 
changed from cream to light brown to dark brown to block with silver deposits 
on the sldoe of the flask within the course of 15 minutes.    Brine (5 ml.) 
was added, and the mixture vas filtered by suction.    After the silver deposit 
had been washed liberally with ether, the aqueous layer vas extracted with 
ether.    The combined ether washings and extracts were washed with water, 
brine and dried over Drlerite.    After the ether had been distilled, the 
crude product was distilled at reduced pressure to give ethyl 3t3-dinitro- 
butyrete. 2.28 g., 35.7$ theory, b.p. 67° (0.5 mm.), njp JjpJ§5.    The infrared 
spectrum of the product exhibited absorption at 6.3 microns characteristic 
of the gem-dinit.ro group. 

Anal.    Calcd. for C^^^SzOei C, 34.95) H, 4.89; N, 13.59. 
Founds C, 35.20) H, 5.13) N, 13.89. 

20.    CQHDEBSATION OF BITBCMETHANE ART) FLOOBAL HTOBATE)   1,1,1-TBIFL00B0' 
3-HITBO^g-HtOPAHOL      (IMPROVED PROCEDURE) . 

Procedure 1.    A mixture of fluoral hydrate (76 g. of fluoral hydrate- 
water azeotrope, 56 g. hydrate, 0.48 mole), nitromethane (92 g., 1.5 mole), 
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S|      and dry sodium carboaate was stirred for 2 days at room temperature. The 
mixture was vashed with water to remove any remaining base; the aqueous 
extracts were then extracted with ether. The combined oil and ether 
fr"<*tio??* v**?*» fl**1«A rtveer 'Driftrl'tfts t.fc«» •thftT* and ni+,;rtini«thane werp removed 
by distillation at 50 mm. The residual oil was distilled at reduced pressure 
to give colorless l,l,l-trifluoro-3-nitro-2-propanol (62.56 g., 8l# yield), 
b.p. 62-66° (5.5 nan.), n§° 1.3791; lit.10 n|° 1.3771, hit yield. 

Procedure 2. The procedure followed was the same as that previously 
described with the exception that the solution was heated at JtP for 1* hours 
and allowed to stand overnight. The yield of l,l,l-trifluoro-3-nitro-2- 
propanol was essentially the same as that of the previous procedure (6*1*. 1*3 g., 
83* yield) b.p. 62-66° (5.5 «m.),  ng° 1.3792) lit.30 n§° 1.3771. 

21. KBACTIOH OF 1 .rLl^roiTIAJ0RO^5^1!^O-2-FROFYL ACETATE AMD SODHM CABBONATEl 
ATTEMPTED FBEPARATIok OF J>, 3,3-TBTFLUpBQ-l-NITRQ-l-ITOPENE. 

Acetic anhydride (1*1 g., 0.1+ mole) was added dropwise to a stirred 
mixture of l,l,l-trifluoro-3-nitro-2-propanol (6k g., 0.1* molo) and 
concentrated sulfurlc acid (0.5 g.). The solution was heated at 80-90° 
for 6 hours and then cooled and poured into water (500 ml.). The mixture 
was allowed to stand for one hour and then extracted with ether; the ether 
extracts were then dried over Drierite. The ether solution was concentrated 
to a rolume of 150 ml., and dry sodium carbonate (1*2 g., 0.1* mole) was 
added. The mixture darkened In color upon being warmed and heat was evolved. 

*KL After filtering the mixture the precipitated cake was dissolved in water and 
extracted with ether. The ether fractions were combined, dried over Drierite, 
end then distilled. Distillation of the lachrymatory residual oil gave a 
mobile mixture (19.1* g., b.p. 55-110°) which could not be effectively separated 
by rectification In a small packed column; a viscous dark tar (ll*,3 g.) 
remained as a residue (unidentified) from the initial distillation, (it has 
been previously reported**'that the reaction product obtained from phosphoric 
anhydride and l,l.l-trifluoro-3-nitro-2-propanol could not oe separated in 
a 50 plate column). 

22. HEACTIOH OF l,l,l-TBIFLU0R0-3-NITR0-2-FRQPAK0L AMD PHTHALlC ANHYDRIDE; 
3.3.3-TBIFLU0B0-l-NITR0-l-PROPgHEr *""" 

A mixture of l,l,l-trlfluoro-3-nitro-2-propanol (1*5.5 g.i 0.286 mole) 
and phthalic anhydride (1*5.5 g., 0.30 mole) was heated at ll*0° until it 
became homogeneous in an apparatus equipped for vacuum distillation. 
The temperature of the mixture was raised to l80° and the product mixture of 
oil and water was collected. The pressure in the apparatus was gradually 
levered during the dehydration until no more volatile product was heing formed. 
The distillate was dissolved in ether and the water separated; the ether 
solution was distilled through a small column. The reactinn product was 
Isolated in the following fractions: Fraction 1, b.p. 86-87° , 1*.62 g., 
ng° 1.3605; Fraction 2, b.p. 87-89°, 11.37 g., n§° 1.3609, Fraction 3, 
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89-89.5°, 3.21 g., *%° I.361O.    The product,   3,3#3-trlfluoro-1-hltr 
25 

.20 ,20 (19.20 g., 1*7# yield, np    1.3609, d|5    1,1*23) vas a very strong lachryoator. 

Anal.    Calcd. for Ca^FaRCfe: C, 25.531 H, 1.1*2; N, 9.93. 
Found: C, 26.33| .H, 1.71; N, 10.25. 

23.    COHDEHSATIOH 07 KITBOMETHAHE AMD 1,1,1-TBIFLPOBQACETOMEt   1-BITRO-^. 
TOliiugRQ>pi^jfff2-PR0PAS0L. 

1,1,1-Trifluoroacetone (25.0 ml., 30.1 g., 0.269 mole) was added 
dropvlse vlth stirring to nltromethane (500 ml., 565 g., 9.2 mole) at 0° 
containing anhydrous potassium carbonate (U.O g.).    The solution was allowed 
to warm to room temperature and stir for 3 days.   After being neutralized 
vlth dilute hydrochloric acid, the mixture was dried first vith a saturated 
salt solution and then vith sodium sulphate.    After the nltromethane had 
been removed at reduced pressure, the residual oil was vacuum distilled twice 
to give colorless !-4mfr*ft^lFlMpiptwnr^ (2l*.53 g., 53* yield), 
b.p. 1*2-1*3° (3 mm.), ng° 1.3681, djg    1.2302. 

Anal.    Calcd. for C^HnFaNOst C, 27.75; H, 3.1*9; N, 8.09. 
Found: C, 27.96; H, 3.32; N, 8.0l*. 

21*. REDUCTION OF 1-NITB0FR0FENE WITH SODIUM TRiMETHOXYBOROSYrBIDEs 
l-HITROFROPAKE. 2-MFTHYL-l,3-DINITB0PENTABE (COMPLETED EXPERIMENT). 

« solution of 1-nltropropene (15=2 g., 0.175 mole) in ethyl ether 
(25 ml.) was added dropvlse in 70 minutes to a stirred suspension of sodium 
trimethoxyborchydride (33.58 g., 0.175 mole + 50# excess) in ethyl ether 
(150 ml.) and tetrahydrofuran (50 ml.). During addition the reaction mixture 
was kept at -70° i 1°; after addition was completed the mixture was stirred 
for 30 minutes at -72°. The mixture was then acidified in 1 hour at 0° with 
urea-acetic acid solution (100 ml.). The mixture was saturated with sodium 
chloride: the aqueous layer was separated and extracted with ethyl ether 
(100 ml.;. The combined ether extract was washed with saturated sodium 
bicarbonate solution (2 x 200 ml.) and dried over anhydrous sodium sulfate. 
After removal of the sodium sulfate by filtration, distillation gave, after 
removal of ether, the following fractions: (l) 1-nltropropane (12.73 g., 

0.l!*3 mole, Sl.7#) as a colorless liquid, b.p. 1*0-72" (100 mm.), n|° 1.1*025- 

1.1*31*6, d|j 1.0006; MBj, (calcd.) 21.68, MRT> (found) 21.96, and (2) 
2-methyl-l,3-dinitrcpentane (1.75 g., 0.00991* mole, 11.1*^) as a yellow-liquid, 

b.p. 105-108.5P (2 mm.), n§° 1.1*563, and (3) a residue (0.9 g.). 

»n 1 gave purer 1-nitropropane in slightly 
p 1,1*027; lit.11* b.p.  132,  agg. 1.003,  n|C 1.1*015. 

Redistillation of Fraction 
lower yield, b.p, 120-130^, nfj^ 
An infrared spectrum of the 1-nitropropane (sandwich cell) contained a 
strong band for the mononitro (6.1* microns) group and no bands for a carbonyl 
group ^5.7 microns), a mononitro group attached to an unsaturated carbon 
atom (6.5 microns) or a carbon-carbon double bond (6.0 microns). 
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The structure of 1-ritropropene was proven by its conversion to 
propioualdehyde via the Nef reaction1" followed by preparation of propion- 
aldehyde 2,l*-dlnltrophenvlhydrazone, n.p. 155-155 •    The melting point of 
the derivative was not depressed when mixed with an authentic sample. 

Fraction 2, crude 2-methyl-l,3-dinitropentane, was redistilled twice 
to give a colorless product in only slightly lower yield, b.p. 86-66.8° 
(0.8 mm.), n§° 1.1*558, d|S 1.1707; MRD (calcd.) Ul.31, MR (found) 1*0.89. 
Its infrared spectru- indicated the presence of aliphatic mononitro groups 
(C-NO2 at 6.1* microns). The following analysis was obtained for 2-methyl- 
I,5-dlnltropentane: 

Anal.     Calcd. for C5S1j>n20« 
Found 

:   C, 1*0.90; H, 6.87; N, 15.90. 
.:    C, 1*1.16; M.18; H, 6.89, 7.1 

N, 15.85,  15.80. 
Found:    C, 1*1.16) kl. 18; H, 6.89, 7.11; 

N, 15.85,  15.80. 

25.    EEDUOTIOW OF 1-»NITR0PR0FEKE WITH LITHItM BOBOHYERIEE;  l-HITBOFBOBASE, 
2*-MtrrailL-l,5-DINITR0PEHTARE  (COMPLETED EHTOIMENT). 

A solution of 1-nitropropene (15.2 g., 0.175 mole) in ethyl ether (25 ml.) 
was added dropwlse In 5 hours to a stirred suspension of lithium borohydride 
(1.92 g., 0.088 mole) in ethyl ether (175 ml.) contained in a 500 ml., three- 
necked flask equipped with a stirrer, a dropping funnel, a thermometer and 
a drying tube.    During addition the reaction mixture was kept at -70° t 1°; 
after add.tion was completed the mixture was stirred for 2 hours at -70°. 
The mixture was then acidified in 1 hour at 0   with urea-acetic acid solution 
(llfO ml.).    The mixture was transferred to a separatory funnel and saturated 
with sodium chloride: the aqueous layer was separated and extracted with 
ethyl ether (100 ml.).    The combined ether extract was washed with saturated 
sodium bicarbonate solution (2 x 200 ml.; and dried over anhydrous sodium 
sulfate.    After removal of the sodium sulfate by filtration and concentration 
of the filtrate on a steam bath, distillation gave:  (a) 1-nitropropane 
(7.77 g., 0.0873 mole. 1*9.9#) as a colorless liquid, b.p, 65-69,5° (-100 mm.), 
nD    1.1*055-1.1*01*5, d|8    0.9989; MRD (calcd.) 21.68, MRp (found) 22.12; 
lit.l1* b.p.  132°,  d|8    1.003,  n|° 1.1*015,   (b)   Crude 2-methyl-l,5-dinitro- 
pentane (0.3? g., 0.0021 mole, 2.1*#) as a yellow liquid, .b»p. ca. .105" (1 mm.), 
n|3    l.!*577 and (c) a brown residue (0.9 b» /» 

The structure of 1-nitropropane was proven by its conversion to 
proplonaldenyde via the Nef reaction followed by preparation of propion- 
aldehyde 2,l*-dlnltrophenylhydrazone, m.p. 153.5-155.5°.    The melting point 
of the derivative was not depressed when mixed with an authentic sample. 

An infrared spectrum of the 1-nitropropane (sandwich cell) contained a 
strong band for the mononitro (6.4 microns) group and no bends for a carbonyl 
group (5*7 microns), a mononitro group attached to an unsaturated carbon 
atom (6.5 microns) or a carbon-carbon double bond (6.0 microns), 
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26.    REDUCTION OF 2-HITB0-l-BvTENE 'fcttTH SCPITJH TRIMmOXYBOROHYIIRIDE; 
S^ffTTROBUTANE,   3-METHYL>3T3-DINITR0HEPTAHE  (COMPLETED EXPERIMENT). 

Procedure 1.    A solution of 2*nitro-l-butene (15.2 g., O.lp oole) In 
ethyl ether (25 ml.) was added dronvlse in 70 minutes to a stirred suspension 
of sodiun trimethoxyborohydrlde (28;8 g., 0.15 mole plus 50# excess) in 
ethyl ether (125 ml,) end tetrahydrofuran (50 ml.) contained In a 500 ml., 
three-necked flask equipped vith a stirrer, a dropping funnelf a thermometer 
and a drying tube.    During addition the reaction mixture wee kept at -60 to 
-65°,    The mixture was then acidified in one hour at 0° with urea-acetic acid 
solution (100 ml.).    The mixture vas transferred to a separately funnel and 
saturated vith sodium chloride; the aqueous layer vas separated and extracted 
vith ethyl ether (100 ml.).    The combined ether extract vas vashed vith 
saturated sodium bicarbonate solution (2 x 200 ol.) and drie.l over anhydrous 
sodium sulfate.    After removal of the sodium sulfate by filtration and 
evaporation of the solvent on a steam bath, distillation of the product 
gave the following fractions:  (l) 2-nitrobutane (6.95 g., 0.0675 32le> ^5#) 
as a colorless liquid, b.p. 60-70° (80 mm.), n|° l.U0l*8-l. 1*050, d^ 0.9652; 
MRD (calcd.) 26.35, MRD (found) 26.19; lit.1? b.p. ll*0°, d|§ 0.968, nj, 1.1*036, 
and (2) 3-aethyl-3,5-dinitroheptane (5.3^ g., 0.0262 mole,  35#), b.p. 86-90° 
(0.5 am.), n!°i.)*568-l.1*577 and (3) a residue (1.3 g.). 

An Infrared spectrum of Fraction 1, 2-nitrobutane (sandwich cell), 
contained e strong band for an aliphatic mononitro group (6.1* microns); 
no other functional groups were evident.    The structure of 2-nitrobutaae 
was established by its conversion to methyl ethyl ketone via the Nef reaction 
followed by preparation of methyl ethyl ketone 2,^-dlnitrophenylhydrazone, 
m.p. 113.5-11**°.    The melting point .of the derivative vas not depressed, when 
mixed vith an authentic sample. 

Redistillation of Fraction 2 gave purer 3-methyl-3>5-dinitroheptane in 
slightly lower yield, b.p. 79-8l° (0.7 mm.),  ngO 1.1*575, a|g    i,il2»*; 
MRD (calcd.) 50.61, MRp (found) 50.03,    An infrared spectrum of the 3-methyl- 
3,5-dinitroheptane contained a strong band for a mononitro group (6„U microns) 
and a very veak band for a carbonyl group (5.8 microns).    The following 
analysis vas obtained for the 3-oethyl-3/5-dinltroheptane: 

Anal.    Calcd. for CcHiSN204: C, 1*7.05; H, 7-90; N, 13.70. 
Found: C, 1*7.95, U8.01> H, 7.90, 7.70; 

N,  13.50,  13.35. 

A derivative of 3-methyl-3,5-dinltroheptane vas prepared by its 
conversion to 3-methyl-3-nitro-5~heptanone via the Nef reaction followed by 
preparation of 3-u>etayl-3-"itro-i3-heptaDoDe 2,l*-dinitrophenylhydrazonet 
m.y.    i.^i,^-j.jc.5J. 

Anal. Calcd. for C14H19N508: C, 1*7.59; H, 5.^2; N, 19.82. 
Found: v, 1*7.1*8; H, 5.29; N, 19.96. 
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Procedure 2.    The experiment was conducted as above except 2-nitro-l- 
butene (12.1 g., 0.12 mole) was added to sodium trimethoxyborohydri.de 
(16.9 g., 0.12 mole + 10#) in 70 minutes at -55   *° -60°; after addition ves 
completed the mixture was stirred for 50 minutes at -60°.    The ether extract 
was also wshed with saturated sodium bisulfite solution (5 x 150 ml.). 
LiDlillaiiuu of xhe produux gave  :   (a)  er-nixrobutane {j?.°7 g.>  O.GppT mole, 
29.71&) as a colorless liquid, b.p. l*l*-62» (60 mm.), nj° 1.1*01*7-1.^55, 
(b) 3-methyl-5,5-dinitroheptane (5.65 g.* 0.0277 mole, 1*6.2#) as a yellow 
liquid, b.p. 99-100° (1 mm.), n£j0 1.1*559-1.1*580, and (c) a residue (l.l g.). 

Procedure 5.    The experiment was conducted as previously (Procedure l) 
except the 2-nitro-l-butene was added dropwise in 1.5 hours to sodii-un tri- 
methoxyborohydride (21.1 g., 0.15 mole + 10^ excess).    During addition the 
reaction mixture was kept at -1 to -2°: after addition was completed the 
mixture was stirred for 1.5 hours at 0 .    The ether extract was also washed 
with sodium bisulfite solution (3 x 150 ml.).    Distillation of the product 
gave;  (a) 2-nitrobutane (1.1*2 g., O.OI38 mole, 9.2#) as a pale yellow liquid, 
b.p. 1*5-53° (50 mm.), n£° l.l*0WUl,U06l, (b) 3-methyl-3,5-dinitroheptane 
(0.77 g.t 0.00377 mole, 5.0?^) as an amber liquid, b.p. 1*0-90° (0.6 mm.), 
Dp    1.1*570 and (c) a residue (10.1*1 g.). 

27.    REDUCTION OF 2-NITBO-i-BOTENE WITH LITHIUM BOROHTPFIDEl 2-NITROBUTANE, 
3-METBTL-?,5-EINITR0HEPTANE (COMPLETED EXPERIMENT). 

Procedure 1.    A solution of 2-nitro-l-butene (15.2 g., 0.15 mole) in 
ethyl ether (25 ml.) was added dropwise in 3 hours to a stirred suspension 
of lithium borohydride (1.72 g., 0.075 mole + yf>) in ethyl ether (125 ml.) 
and tetrahydrofuran (50 ml.) contained in a 500 ml., three-necked flask 
equipped with a stirrer, a dropping funnel, a thermometer and a drying tube. 
During addition the reaction mixture was kept at <=68 to =70°; after addition 
was completed the mixture vas stirred for 2,5 hours at -70°.    The mixture 
was then acidified in one hour at 0° with urea-acetic acid solution (75 ml.). 
The mixture was transferr*?-: to a separatory funnel and saturate! with sodium 
chloride: the aqueouB layav «ra=: separated and extracted with ethyl ether 
(100 ml,;.    The ether ext?aot vas washed with saturated sodium bicarbonate 
solution (2 x 200 ml.) and dried over anhydrous sodium dulfate.    After removal 
of the sodium nulfate by filtration and renoval of the solvent on a steam 
bath, distillation of the product gave:  (l) 2-nitrobutane (9.17 g.> O.O89 mole, 
59.5$) as a colorless liquid, b.p. 67-70° (80 mm.), ng° 1.1*058-1.1*098, 
d|g 0.968} MPD (calcd.) 26.33, MRD (found) 26.30,  lit.15 b.p.  11*0°, 

*2Q    0.968, nfj° 1.1*036,  (2)  3--ciethyl-3,5-dinitroheptane (2.l6 g., 0.0106 mole, 
ll*.2$), b.p.  72-92° (l.l* mm.),  n§°l.l*561*, and (3) a brown residue  (l.l* g.). 

Redistillation of Fraction 1 gave very pure colorless 2-nitrobutane, 
b.p. 136-137° (71*2 mm.), ng° 1.5053j  litJ->   b.p. ll*0o,    n^° 1.1*036.    Its 
infrared spectrum (sandwich cell) contained a strong band for the mononitro 
(6.1* microns) group and no bands for a carbonyl group (5.7 microns), a mono- 
nitro group attached to an unsaturated carbon atom (6.5 microns) or a carbon- 
carbon double bond (6.6 microns). 
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^L The structure of 2-nitrpbutane was proven by its conversion to methyl ethyl 

Itet^ne via the Nef reaction1^ followed by preparation of methyl ethyl ketone 
2A-dlnltrophenylhydrazone,  m.p. 115-116.5 . The melting point of the 
derivative vas not depressed vhen mixed with an authentic sample. 

Procedure 2. - The experiment was conducted as above except 0,86 g., 
0.0375 mole of lithium borohydride was used. Distillation of the product 
save: (a) 2-nitro-l-butene (3.60 g.y 0.0356 m., 23.7*) and 2-nitrobutane 
(6.03 g., O.O585 mole, 395^) »B « mixture (analyzed by refractive index), 
h.p. 53-70° (82-83 mm.), (b) crude 3-methyl-3»5-dinitrobeptane (l.Ul g., 

O.OO69 mole, 9.2*), b.p. 55-92° (1.3 mm.), n|° 1.U525, and (c) a brown 
residue (1.8 g.). 

Procedure 3. - The experiment was conducted as above (Procedure l) 
except the 2-nitro-l-butene solution was added to lithium borohydride 
(ft.86 g., 0.0375 mole) in 1.5 hours. During addition the mixture was kept 
at -1 to +1°; after addition was completed the mixture was stirred for 1 hour 
at 0°. Distillation of the product gave: (a) 2-nitro-l-butene (3.07 g., 
0.0301* mole, 20.3*) and 2-nitrobutane (2.50 g., 0.0243 mole, 16.2*) as 
a mixture (analysis by refractive index), b.p. 60-70 (80 mm.), (b) 3-methyl- 
3,5-dinitroheptane (3.49 g., 0.0171 mole, 22.8*), b.p. 96-98° (1.3 mm.), 

n|° 1.4594, and (c) a brown residue (2.4 g.). 

Procedure 4. The experiment was conducted as above (Procedure l) 
^     except the 2-nitro-l-butene solution was added to the lithium borohydride 
•     (0.86 g., 0.0375 mole) in 50 minutes. During addition the reaction mixture 

was kept at -50 to -55°j after addition was completed the mixture was stirred 
for 15 min. at -55°. The combined ether extract was also washed with 
saturated sodium bisulfite solution (3 x 200 ml., 5 minutes with each portion). 
Distillation of the product gave: (a) 2-nitro-l-butene (0.73 g., 0.0077 mole, 
5.13*) and 2-nitrobutane (3.72 g., 0.0361 mole. 24*) as a mixture (analysis 
by refractive index), b.p. 63-70° (80 mm.), (b) 3-methyl-3,5-dinitroheptane 

(0,83 g., 0.00432 mole, 5.76*), b.p. 89-91.5° (1.2 mm.), n?° 
(c) a black residue (0.5 g.). 

agu 1.^503, and 

28. KEDISTION OF 2-NITR0-2-BUTENE WITH SODIUM TBIMBTH0XY30R0HYDRIDE; 
2-NITBOBUTAKE/ 3,4-DiriZTHYL- 2 .U-DINITR0HEXA3SE. 

Procedure 1. A solution of 2-nitro-2-butene (15.2 g., 0.15 mole) in 
ethyl ether (25 ml.) was added dropwise in 65 minuteB to a stirred suspension 
of sodium trimethoxyborohydride (28.8 g., 0.15 mole. +50* excess) in ethyl 
ether (150 ml.) and tetrahydrofuran (50 ml.). During addition the reaction 
mixture was kept at -70°j after addition was completed the mixture was stirred 
for 35 ainutes at -70o. The mixture was then warmed to ca. -20°; suddenly a 
grey precipitate separated and the temperature rose to ca. + 20°. The 
mixture was cooled to 0° and :6cidified in 1.5 hours at 0 with urea-acetic 
acid solution (100 ml.). The mixture was transferred to a separatory 
funnel and saturated with sodium chloride; the aqueous layer was separated 
and extracted with ethyl ether (100 ml.). The combined ether extract was 
washed with saturated sodium bicarbonate solution (2 x 200 ml.) and dried over 
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anhydrous  sodium sulfate.    The sodium sulfate voa removed by filtration; 
distillation gave:  (l) 2-nitrobutane (9.^9 g.> 0.0939 mole, 62.6%) as a 
colorless liquid, b.p. 70-73° (80 am.), n|° 1.4038-1.1*057, d|°   0.9671*; 

0.968, MBD (calcd.) 26.33, MBj, (found) 26.13; lit.15 b.p. lUo°,    d|g 
«T    1>036,   (2)  3,,:-ii=cth7l-2,l;-diDitroLc*buo (l.7* K., 0.G0G3 moxe, 
11. W as a green liquid, b.p. 111-112° (1.3 mm.), ngo 1.U6U2-1.46U7, and 
(3) a residue (0.6 g.). 

An Infrared spectrum of the 2-nitrobutane (sandwich cell) contained a 
strong band for the mononltro (6,k microns) group and no bands for a carbonyl 
group (5.7 microns), a mononltro group attached to an unsaturated carbon 
atom (6.5 microns) or a carbon-carbon double bond (6.0 microns). 

The structure of 2-nitrobutane vas proven by itB conversion to methyl 
ethyl ketone via the Nef reaction1" followed by preparation of methyl ethyl 
ketone 2.1»-ainltrophenylhydrazone, m.p. 115-116.5°.    The melting point of 
the derivative vas act depressed vhen mixed vith an authentic sample. 

Fraction 2 was redistilled twice to give 3A-dimethyl-2,l*-dinitrohexane 
as a.light yellow liquid in only slightly lower yield, b.p. 78-80° (0.1 mm.), 

nD    I.U657, d2Q    1.126; MRp (calcd.) 50.61; MRD (found) 50.20.    Its infrared 
analysis indicated the presence of an aliphatic mononltro group (6.1+ microns). 

Anal.    Calcd. for CeHleN204: C, U7.05; H, 7.90; N, 13.70. 
Found: C, U7.OI, kl.Vlj H, 7.8l, 8.00; 

N, 13.82, 13.66. 

Procedure 2. The experiment waB conducted as previously except the 
sodium trimethoxyborohydride was suspended in 290 ml. of ethyl ether.    The 
same rapid rise in temperature was noted when the reaction mixture was 
warmed to -30°.    Distillation of the product gave:  (a) 2-nitro-2-butene 
(3.19 g.,  0.0316 mole, 21%) and 2-nitrobutane (9.72 g.,  0.091+2 mole; 
62.8#) as a mixture (analysis by refractive index), b.p. 72.5-78° ^80 mm.), 
and (b) a residue (0.5 g.). 

Procedure 5.    The experiment was conducted as previously (Procedure l) 
except the sodium trimethoxyborohydride was suspended in 200 ml. of ethyl 
ether.    The olefin was added In 75 minutes and,after addition vas completed, 
the mixture was stirred for 125 minutes.    The same rapid temperature rise 
was noted when the reaction mixture was warmed to -30°.    Distillation of 
the product gave:  (a) 2-nitro-2-butene (2.53 g., 0.0251 mole, l6,7#) 
and 2-nltrobutane (9^56 g., 0.0928 mole,  6l.9>) as a mixture (analysis by 
refractive index), b.p. 72-80° (80 mm.), and (b) a residue (0.6 g.). 

29.    REDUCTION OF OHEGA-KITOCSTlKiSJiJ!: WITH SOPILtt TBDMETHOXYBOBQHYDBIDE; 
l-MITItt-2-PinSKTDgTHANE?  3,, 3-p{flTTflQ-g .'i-PIPfimLfflrrAfflL. 

A solution of omega-nitrostyrene (lU.9 g., 0.1 mole) in ethyl ether 
(50 ml.) and tetrahydrofuran (50 ml.) was added dropwise in 95    minutes to a 
stirred suspension of sodium trimethoxyborohydride (19.2 g., 0.1 mole + 5°% 
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excess) in ethyl ether (3*5 ml*) and tetrahydrofuran (25 ml,). During 
addition the mixture was kept at -40 ± 8 & after addition was completed the 
mixture was stirred for 25 minutee at -406. The mixture was then acidified 
in 40 minutes below 0° with urea-acetic acid solution (70 ml., aqueous 
solution,2.78 molal in urea and acetic acid). The mixture was saturated 
with sodium ctuonaei the aqueous layer was separated and extracted with 
ethyl ether (100 ml.). The combined ether extract was washed with saturated 
sodium bicarbonate solution (2 x 150 ml.). A solid (A) began to separate 
in the ether phase; the solid (A) was centrlfuged, filtered and dried to 
give a milky-whlta material (2.96 g.), m.p. 255° (dec.); as yet unidentified. 
After drying the ether layer over anhydrous sodium sulfate and removal of 
the solvents on a steam bath, distillation gave: l-nttrp-2->phenylethane 
(5>83 g., O.0386 mole, 38.6£) as a colorless liquid, b.p. 73-74.5° (0.5 mm.), 

Op 1.5266-1.5273, dfg 1.131^; MRp (calcd.) 41.37, MEL  (found), 4l.08; 
lit.1? b.p, 128-1550 (14 mm.); lit.17 b.p. 249-251® (763 nan.); lit.1? 125-135° 
(l mm.), and (2) a distillation residue (5 g.). The infrared spectrum of 
l-nitro-2-phenylethane (sandwich cell) contained bands for a mononitro 
group (6.55 microns) and a mono-substituted benzene ring (13.3 and 14.3 
microns). 

Solid A is insoluble in ether, Skellysolves, benzene, methanol, 
ethanol, water, carbon tetrachloride, chloroform, acetone, and acetic 
acid at their boiling points. Its infrared spectrum in Nujol exhibits 
strong bands for a mononitro group (6.4 microns) and a mono-substituted 
benzene ring (13.6 and 14.55 microns). Oxidation of the solid with alkaline 
sodium permanganate gave benzole acid. The solid dissolves in warm 
ethanolic sodium hydroxide to yield a dark red solution; however, under 
conditions of the Nef reec-cion, the reaction mixture did not yield a 
derivative when treated with 2,4-dinltrophenylhydrazine. Analysis of the 
solid, presumably one of the racemlc pairs of the structure: 2,4-diphenyl- 
1,3-dinitrobutane gave the following: 

Anal. Cslcd. for C16H16N204: C, 63.99j H, 5-37s N, 9-33. 
Found:  C, 63.90, 63.83* H, 5«22, 5.13; 

N, 9.55, 9.21*. 

The distillation residue (5 g.) crystallized to a pasty, amber Bolid; 
the residue "was then dissolved in boiling ethanol     A wh'.te solid (B) 
separated from the ethanol solution on cooling; rccryataxlizavion from hot 
ethanol gave lf3-dlnltro-2,4-diphenylbutane  (3.57 g.,-  C.0118 tE-Ja;  23.6#) 
as white plates, m.p. 120.5-121.0°.    Its infrared spectrum (0 2 polar in 
chloroform) contained bands for a mononitro group (4.0 micronaj and a 
mono-substituted benzene ring (14,4 microns). 

Anal.    Calcd. for C19HieN204: C7 63=99; H, 5*37; N, 9-553. 
Found: C, 63.90, 63.83; H, 5.22, 5.13; 

N, 9.53, 9.24. 
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30.   BBAOTIOH 0? i~m.TRQ-2-ppqfrrT$miqm AHD OMBGA-NITBOSYTRBNEE 
1,3-DIBITBO-2.If-DIPHEKYIBUTAHE'. 

32 

A solution of coega-nitrostyrene (2.96 g., 0,02 mole) in ethyl ether 
(20 ml.} vaa added dropwise In 50 mlnuteB to a solution of l-uit-ro-2- 
^houyie-inanei^.Ui! g., u.t>2 mole) and Triton B (1 ml.) in ethyl ether 
(20 ml*) and methanol (3 ml., enough to make the reaction mixture 
homogeneous). During addition the mixture was kept at 0°; after addition 
vas completed the fixture was stirred at 5° for 1.5 hours. The mixture 
vas acidified with 2 N hydrochloric acid (3 ml.). During reaction a white 
solid formed; this solid (2.71 g.) was filtered and air dried. The filtrate 
was'saved. 

The white solid isolated is insoluble in all common organic solvents. 
I Its melting point, ca. 255^260°, is not depressed when it is mixed with a 

sample of substance A Isolated from reduction of omege-nitrostyrene with 
sodium trlmethoxyborbhydrlde. It is tentatively assumed that this product 
is of the structure: l,3-dinitro-2,U-diphenylbutane. 

f. 
The filtrate that had been saved was reduced to a volume of 3-1*- ml. 

and then dissolved in ethyl ether (50 ml.). The ether solution was washed 
with saturated sodium bicarbonate solution (50 ml.) and dried over anhydrous 
sodium sulfate. After removal of the sodium BUlfate by filtration and 
removal of the solvent on a steam bath, distillation gave:0.) l-nitro-2- 
phenylethane(l.62 g., 0.0107 mole, 53.5^ recovery), b.p. 84-85° (1.2 mm.), 

,g      n§° 1.5270; and (2) a residue (1.5 g.). 

The unidentified white solid isolated in this reaction is insoluble 
in all common organic solvents. The melting point, ca. 255-260°, is not 
depressed when mixed with a sample of the unidentified white solid isolated 
in the reaction of sodium trimethoxyborohydride with omega-nitrovJ-i.Tene. 

31. IREPARATION OF 4-NITB0-3-HKPTKNK. 

(a) 4-Nltro»3-Heptanol. Propanal (116.2 g., 2 moles) WSB added at 
30-35° in ca. one hour to a solution of 1-nitrobutane (106.2 g., 2 moles) 
in 95$ ethanol (200 ml.) and 10 H sodium hydroxide (k ml.). When approximately 
two thirds of the aldehyde had been added, additional 10 N sodium hydroxide 
(4 ml.) in water (15 ml.) waB added. After 48 hours the mixture was 
neutralized with 2 N hydrochloric acid. After removal of all unreacted 
material and solvents on a steam bath and under vacuum, distillation gave: 
4-nitro-3-heptanol (248.3 g.* 1.54 moles, 77#) as a greenish-yellow liquid, 
b.p. 79.8-83.3° (0.7 mm.), n|0 1,4460-1.4474. Redistillation of the 
compound gave a pure, light yellow product, b.p. 71-71.5° (0.5 mm.), 
n|° 1.4475, d|§ 1.C324; MRj) (calcd.) 41.79, MR^ (found) 41.76. 

Anal.    Calcd. for C7Hl5N03: C, 52.15; H, 9.38; N, 8.69. 
Found: C, 52.62, 52.73? H, 9.42, 9.4l; 

N, 8.U5, 8.53. 
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An Infrared spectrum of U-nitro-3-beptanol (sandwich cell} contained 
bands for the aononitro (6.1* microns) and hydroxyl (2.9 microns) groups. 

(b) 3-Acetoxy-l»-Hitroheptane.    Acetic anhydride (129 ml,, 1.2 moles + 
5lt excess) vas added dropwise in 80 minutes at UO-500 to U-nitro-3-hentanol 
(l93.*» g., l.e moxes) containing sulfurio acid (1 ml.).    After addition 
was completed, the mixture was stirred for 2 hours.    The mixture vas 
diluted vith ethyl ether (200 ml.), washed with water (2 x 100 ml.), 
neutralized with sodium bicarbonate, washed with saturated sodium bi- 
carbonate solution (2 T 200 ml.), washed with sodium chloride solution 
(100 ml.) and dried over anhydrous sodium sulfate.    After removal of the 
sodium sulfate by filtration and removal of the solvents on a steam bath, 
distillation gave: 3-acetoxy-lf-nltroheptane (216.9 g., 1.07 moles, 89$) 
as a light yellow liquid, b.p. 75.5-79° (1 mm.), ng° 1.1*339-1.1*362. 
Bed1stillation of the compound gave a very pure, colorless product, 
b.p. 69° (0.1 mm.), ng° l.»*352, d|§   1.01*09; MBj, (calcd.) 51.12, MRD (found) 
50.97. 

Anal.   Calcd. for CBEXTNO*: C, 53.19} H, 8.1*3) N, 6.89. 
Pound: C, 53.32; 53.21} H, 8.27, 8.38} 

N, 6.86, 6.90. 

An infrared spectrum of 3-acetoxy-l*-nitroheptane (sandwich cell) 
contained bands for carbonyl (5.7 microns), mononitro(6.U microns), and 
acetate (8.1 microns) groups. 

(c) U-Nltro-3-Hept.-.ie.    3-Acetoxy-l*-nitroheptane (131.5 g., 0.65 mole) 
and sodium acetate (6.6 gT)" were heated et 115° (12 mm.) in a modified 
Clainen flask equipped with a 20 cm. Vigreux column with downward condenser 
and iced receiver} the reaction product distilled at 75-85° (12 mm).    The 
distillate in ethyl ether (300 ml.) was washed with saturated sodium 
bicarbonate solution (2 x 200 ml.) and dried over anhydrous Bodium sulfate. 
After removal of the sodium sulfate by filtration and removal of the 
solvents on a steam bath, distillation gave: l*-nitro-3-heptene (67.6 g., 
0.1*73 mole, 72.8£) as a light green, lachrymatory liquid, b.p.  70-70.8° 
(5.2 ea.), n|° I.U56U-I.U585. 

An infrared spectrum of l*-nitrc-3-heptene (sandwich cell) contained 
a strong band for a nltro group attached to an unsaturated carbon atom 
and weak bands for a moncnltro group (6.U microns) attached to a saturated 
carbon atom and for a carbon-carbon double bond.    The contaminant is 
probably U-nitro-2-heptene producsd in the deacetylation reaction. 

32.    REDUCTION 07 U-NITRO-3-HEPTESE WITH S0DI1M TBIMETHOXYBOROHTDBIDE; 
^-NITROHEPTANE. 

«i 

» 

Procedure 1. A solution of l*-nitre=3=heptene (15.75 g., 0.11 mole) 
in ethyl ether (25 ml.) was added dropwise in 3 hours to a stirred suspension 
of sodium trimethoxyborohydride (21,11 g,, 0.11 mole, plus 50^ excess) 
in ethyl ether (125 ml.) and tetrahydrofuran (50 ml.). During addition the 
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react lot* mixture was kept at 0° t 1°; after addition vas completed the 
mixture was stirred for 3 hours at 0°. The mixture was then acidified 
below 0° in one hour with urea-acetic acid solution (75 ml., aqueous solution, 
2.78 molal In urea and acetic acid). The mixture vas saturated vith sodium 
chlorides the aqueous layer vas separated and extracted vlth ethyl ether 
(100 •i-J. The cczbisci sfcLoi wjctra^-c was washed with saturated sodium 
bicarbonate solution (2 x 150 ml.) and dried over anhydrous sodium sulfate. 
After removal of sodium sulfate by filtration and removal ef the solvents 
on a steam bath, distillation gave: (a) U-nltroheptane (8.80 g,, 0.0606 
mole. 55#) £= 2.  light yellow liquid, b.p. 68-71° (8.3 mm.), n|0 1.1*236- 
1.1*282; (b) a mixture of l*-nitro-3-hept ene and U-nitroheptane(1.30 g.), 

b.p. 72° (8.3 mm.), T^   1,1*330; and (c) an unidentified product (1.70 g.), 

b.p. 77-83° (1.1 mm.), n§° 1.1*1*65-1.^*99. Two redistillations of the 

U~nitroheptane gave a very pure, colorless product in slightly lower yield, 
b.p. 70-71° (9 mm.), ng° l.l*22l*-l. 1*236, dfg 0.9269; WB-D  (csled.) 1*0.27, 
MBD (found) 39.92s lit.18 b.p. 90° (25 mm.), nfp 1.1*200, dg5 0.919. 

An Infrared spectrum of the U-nitroheptane (sandwich cell) contained 
a strong band for the moncnitro group (6.1* microns). An infrared spectrum 
of the unidentified product (sandwich cell) contained a strong band for 
the mononitro group (6.U microns) aud weak bands for a carbonyl group 
(5-8 microns) and amino group (2.93 and 6.1 microns); further studies of 
this product are now in progress. 

The structure of ^-riitroheptane was proven by its conversion to 
l*-heptanone via the Kef11-1 reaction followed by preparation of U-heptanone 
2 ,l*-dinitrophenylhydrazone in kjf> overall yield, m.p. 7^-75.5°.. The "melting 
point of the derivative was not depressed when mixed with an authentic 
sample. 

Procedure 2. The experiment was conducted as previously except the 
nitroolefin was added in 70 minutes at 0° and the mixture was rtirred for 
50 minutes at 0°. Distillation gave: l*-nitro-3-heptene (I+.89 g . 0.031*2 
mole, 51%) and 4-nitroheptane (8.07 g.,0.0555 mole, 50.5#) BB a mixture, 
b.p. 67-80° (9 mm.), n|° 1.1*215-1.1*1*97. The reaction time in this 
experiment was too short to effect complete reduction. 

Procedure 3. The experiment was conducted as previously except the 
nJ.troo?efln was added lu  70 minutes at -1*0° and the mixture was stirred 
at -1*0° for 30 minutes. Distillation gave: l*-nitro-3-heptene (1*.38 g., 
0.0306 mole, 27.9$) and l*-nitroheptane (6.1*8 g.. 0.01*1*6 mole, 1*0.5#) 
aa a mixture, b.p. 69-8l° (9 mm.), n§° 1.^259-1.^570. The reaction time in 
this experiment was too short for complete reduction. 

33. REDUCTION OF U-NITR0-3-HBPTKNE WITH UTHITJM BOBOETIRIPS; U-NITBOHEFPAKE. 

Procedure 1. A solution of l*-nitro-3-heptene (15.75 g., 0.11 mole) in 
ethyl ether (25 ml.) was added dropwise in 1* hours to a stirred suspension 
ef lithium borohydride (l.l8 g., O.O55 mole) in ethyl ether (125 ml.) 
and tetrahydrofuran (25 ml.). During addition the reaction mixture was 
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kept at -65 to -70°; after addition was completed the mixture was stirred 
for 1* hours at -65 to -70°.    The mixture vas then acidified in 1*5 minutes 
below 0   with urea-acetic acid solution (100 ml., aqueous solution.2.78 
molal in urea and in acetic acid).    The mixture was saturated with sodium 
chloride: the aqueous layer was separated and extracted with ethyl ether 
(100 ml.).    The combined ether «r+.«o* «.- -„-shoCl with saturated sodium 
bicarbonate solution (2 x 150 ml.) and dried over anhydrous sodium sulfate. 
After removal of the sodium sulfate by filtration and removal of the 
solvents on a steam bath, distillation gave:  (a) a mixture of 4-nitroheptane 
and iunitro-3-heptene (12.16 g.) as a light yellow liquid, b.p. 69.5-71.3° 
(8-8.2 mm.), njj   1 1*217-1.1*319; «nd (b) a light yellow liquid (1.55 g.), 
o.p. 53-75   (1 mm.), ngu 1.1*1*50-1.1*520, as yet unidentified.   The mixture 
of l*-nitro-3-heptene and l*-nitroheptane was purified upon solution in 
ethyl ether (100 ml.) by extraction with saturated Bodium bisulfite 
solution (  3 x 75 ml., 5 minutes with each portion); the ether layer was 
then dried over anhydrous sodium sulfate.   After removal of the sodium 
sulfate by filtration and removal of the solvents on a steam bath, distillation 
gave: U-nltroheptane (10.39 g., 0.0715 mole, 65*), ng° 1.1*223-1A23S 
d|g    0.921*9? MRD (calcd.) 1*0.27, MRD (found) 39.99;  lit.tf b.p. 90° (25 mm.), 
ojp 1.1*200, ajp 0.919. 

An infrared spectrum of the l*-nitroheptane (sandwich cell) contained 
a band for the mononitro group {6.k microns).    Infrared spectra of the 
high boiling product (bf  collected in 1* fractions) showed the presence of 
a mononitro group (6.1* mi?rons), a nitro group attached to a carbon atom 
of a carbon-carbon double bond (6.5 microns), a carbonyl group (5.7 microns) 
and possibly an amino group (3.0 and 6.2 microns); further characterization 
of this material is yet to be effected. 

Procedure 2.    The experiment was conducted as previously except the 
nitroclefin was added in 3.5 hours at 0° and then the mixture vs.? stirred 
at 0    for 2 hours.    Distillation gave:  (a) crude U-nitroheptans (6,57 g., 
°'°*52 mole, Ul*.7*) as a colorless liquid, b.p.  68.8-71° (8.1-3.*> aai), 
ng° 1.1*250-1.1*273; (b) an unidentified liquid (2.3 g.), b.p. 71-75° 
(»*.l-5.2 mm.), n§° 1.1+1*19-1.WfB} and (c) an unidentified liquid (1.0 g.), 
b.p. 60-61*° (0.2-0.3 mm.), ng0 1.1*1*92-1.1*507. 

An infrared spectrum of the l*-nitroheptane (sandwich cell) contained a 
strong band for the mononitro group {6.k microns).    An infrared spectrum 
0* prolnct (b) combined a ver-   weak band for a mononitro group (6.1* microns) 
and a medium strong band for a hydroxyl group.    An infrared spectrum of 
product (c) contained a band for an amino group (3.1 and 6.2 microns), but 
no band for a mononitro group (6.k microns).    On the basis of infrared 
results it is suggested that product (b)  is di-n-propylThydroxylamine and 
that product (c)  is l*-aminohept-ane; further studies of this system are now 
xu progress. 
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3k.    HEDUCnai OF 3,3.3-TBlC^IOBO-l-NITPOPBOPEHE WITH SODICM TBIMBTHnrf- 
BOBOBTDBIPB;  V/lVl^raiCHLQR(M«4TIIR0PiR0t,Al»£;  ^^,l-^I9^RQ-^5dBI=- 
NEimA^ICHLORflMETB^fljffAKE. 

A solution of 3,3.3-triChloro-l-nitropropene (15.20 g.,  0.08 mole) 
in ethyl ether (25 mi.i —2 sddcd cLwtwi.se xn 70 minutes to e stirred 
suspension of sodium trimethoxyborohydride (15.3 g., 0.08 mole + 50# 
excuse) la ethyl ether (125 ml.) and tetrahydrofuran (50 ml.).    During 
addition the reaction mixture vas kept at -40° ± 2°; af£er addition vas 
completed the mixture vas stirred for 50 minutes at -hO .    The mixture vaa 
then acidified in 2*5 minutes below 0° vlth urea-acetic acid solution (50 ml., 
aqueous solution,2.78 molol in urea and acetic acid).    The mixture vas 
saturated vlth sodium chloride; the aqueous layer vas separated and extracted 
vlth ethyl ether (100 ml.).    The combined ether extract vas -washed vlth 
saturated sodium bicarbonate solution (2 x 150 ml.) and dried over anhydrous 
sodium sulfate.    After removal of the sodium sulfate by filtration and 
removal of the solvents on a steam bath,the mixture vaa set in a refrigerator 
for 3 days.    A crystalline solid separated from the reaction mixture during 
this period.    The solid vaa filtered and vaahed vlth methanol (5 ml.); the 
methanol vashlngs vere concentrated using a steam bath.    The oily residue 
vas placed in a refrigerator and alloved to crystallize.    By repeating 
the previously described procedure, three crops of a crystalline solid 
vere obtained:  (l) 2,58 g., m.p. 150-151°;  (2) 1.33 g., m.p. 1^9-150°; and 
(3) 0.62 g., m.p. 1U9-150°. 

The filtrates from the above cryatalllzations vere distilled (i) 
and gave:   1,l.l-trlchloro-3-nltropropane (6.77 g., 0.0351* mole, kk.2^,) 
as a colorless liquid, b.p. 91-92© (9 mm.), n§° 1.U886-1.U900.    Redistillation 
of the product gave a material of analytical purity, b.p. 70-71.3° (3 mm.), 
ng° 1.1*899, d|°    1.53^7; MR^ (calcd.)  36.13, MBp (found)  36.25. 

Anal.    Calcd. for C3H4Cl3N02:  C,  18.72; H, 2.10; N,  7.28. 
Found: C,  19al, 19.10; H, 2.13, 2.30; 

N, 7.11, 1.1k. 

The residue (2.3 g.) from the initial distillation (i) of 1,1,1- 
trichloro-3-nitropropane vaa dissolved in hot methanol (10 ml.); the 
mixture vas then cooled in a refrigerator and gave an additional crop 
(U; O.38 g.) of the vhite crystalline solid, m.p. 1^7-148°.    The crops of 
Bolide vere combined and recrystallized tvice from hot carbontetrachloride 
to give a product identified aa  1»1 .l-trichloro^ tS-dlnlTrc^-trichloro*- 
methyipehtare(U.O g., O.OI285 mog/*jt£lft.; A W^SiWc&^S^SKT^ 
m.p, *>0-.l5iv. 

Anal.    Calcd. for CgHeCiaNaO*:  C, 18.82; H, I.58; N, 7.32. 
Found: C, 18,79, 18.76; H, 1.72, 1.71; 

N, 7.30, 7.26. 
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The Infrared spectrum of J,l,l-trichloro-3-nitropropane (sandwich 
cell) contained strong bands for a mononitro group (6.35 microns), a 
trlchloromethyl group (12.5 microns)and a carbon-chlorine bond (l4.4 
microns).   The infrared spectrum of l,l,l-trichloro-3,5H!tinltri>JM;rl(chioro- 
methylneritane     (0.2 molar in chi«r<=i?oTm) enirt.*i*«-\. "trcr^j ?s!v.if? icr ; 
mononitro group (6.55 microns)    and a trichloromethyl group (12.4 microns). 

35.    BEDUCTIOH OF !>,3.3-TBlCEL0RO-l-HITROPBOPENE WITH UTHHM BOBOHYDRIDEi 
1.1.1-TBlCHLORO- 3-NITB0PB0PANS. 

Procedure 1.    A solution of 3,3,3-trichloro-l-nitropropene (30.4 g., 
0.16 mole)  in ethyl ether (50 ml.) was added dropviae in 3.5 hours to a 
stirred suspension of lithium borohydride (1.74 g., 0.08 mole) in ethyl 
ether (250 ml.) and tetrahydrofuran (50 ml.).    During addition the reaction 
mixture vaa kept at -70° ± 2°; after addition was completed,the mixture 
vas stirred for 3.5 hours at -70°.    The mixture was then acidified below 0° 
in one hour with urea-acetic acid        solution (150 ml., aqueous solution^ 
2.76 aolal. in urea and acetic acid).    The mixture was saturated with sodium 
chloride; the aqueous layer was extracted with ethyl ether (2 x 100 ml.). 
The combined ether extract was washed with saturated sodium bicarbonate,drted with 
sodium sulfate.    After removal of the sodium sulfate by filtration and 
removal of the solvents on a steam beth, distillation gave:  1^1.1-trlchloro- 
3-nltropropane (26.09 g., 0.136 mole, 85^) as a colorless liquid, 
b.p..fc>©\7-663*^2.1-2.3 nm.), ngO 1.1+905-1.4910. 

An infrared spectrum of the 3,3>3-trichloro-l-nitropropane (sandwich 
cell)  contained strong bands for a mononitro group (6.35 microns), a 
trlchloromethyl group (12.5 microns) and a carbon-chlorine bond (l4.4 microns). 

Procedure 2.    The experiment was conducted as previously except one- 
half of all materials vas ueed, and the 3,5,3-trichloro-l-nitropropene WBB 
added in 3.5 hours at -40° and then stirred for 2 hours at -40°.    Distillation 
gave:   l.l.l-trlchloro-5-nltropropane (7.38 (5., O.O386 mole, 48.3%) as a 
colorless liquid, b.p. 67-68° (2,3 mm.), n§° 1.4914-1.4939.    Bedistillatlon 
gave a very pure product, b.p. 67-67.7° (2.3 mm.), ng° 1.4905, dig    1.5375; 
MRD (calcd.)  36.13, MBD (found)  36.22. 

36.    REDUOTIOH OF 3,3i3-TBlCHLOBQ>l-NITBCPROPEHE WITH LITHIUM AHMINIH 
HYDRIDE:   l.l.l-TRlCHLOBO-3-NITROPROPAIJE. 

A solution of 3,3,3-trichloro-l-nitropropene (19.0 g., 0.1 mole)  in 
ethyl ether (25 ml.) was added dropwiee in 3*5 hours to a suspension of 
lithium aluminum hydride (l.O g., 0.025 mole, plus 3% excess) in ethyl 
ether (125 ml.) and tetrahydrofuran (25 ml.).    During addition the reaction 
mixture was kept at -70°; after addition was completed the mixture was 
-.4--f~v»~,7     ^n*.     X    C    li  wi.L 1 ail 11     .li <-»/\rt "••    "!*ftS  lOr   J»J  uCiua  ai,   -fv The mixture was acidified in 45 minutes belov 
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0° with urea-acetic acid solution (50 ml., 0.2?8 molal in urea and in acetic 
acid).    The mixture was saturated with sodium chloride; the aqueous layer 
was separated and extracted with ethyl ether (100 ml.).    The combined 
ether extract was washed with saturated sodium bicarbonate (2 x 150 ml.) and 
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dried over anhydrous sodium sulfate.    After removal of the sodium sulfate 
by filtration end removal of the solvents on a steam bath, distillation 
gave: l,l,l-trichloro-3-nitropropane and 3.3.^-t.rir>hinT.«-i-=itrcpr=eCiw 
oc a mixture ill.d* g.}, b.p.  6l-68u (2.3 mm'.), nf50l.i*929-1.5O3>*.    The 
above mixture in ethyl ether (150 ml.) was wsahed vith saturated sodium 
bisulfite solution (3 x 150 ml., 5 minutes with each portion) and dried 
over anhydrous sodium sulfate.    After removal of the 3odium sulfate by 
filtration and removal of the solvents on a steam bath, distillation gave 
1,1,l-trichloro-3-nitropropane (8.1*3 g., O.OU36 mole, 1*3.8$) as a colorless 
liquid, b.p. 65-66.5° (2.2 mm.), ng° 1.1*911-1.1*923, d20   1.5375; 
MRD (calcd.) 36.13; MRD (found) 36.28. 

37.    K5DUCTI0N OF 5.5,6<6,7.?.7-HEFTAFLiroB0-3-NITR0-3-pFTEKEJ|fITH jODICM 
TBIMETHOZYBOBOgTORIXiE;   1,1,1,2,2,3,3-HBFIAFUJCP.C 
5,5,6,6.7,7,7-HKPTAFLlJDB0-3-KEFTANONE. 

'^-5-»ITR0HEPTAME; 

A solution of 5,5,6,6,7,7,7-heptafluoro-3-nitro-3-heptene (l5«3l* g., 
0.057 mole) in ethyl ether (25 ml.) was added dropwise in 2 hours to a 
stirred suspension of sodium trimethoxyborohydride (1O.9I* g., 0.057 mole 
+ 50^t excess) in ethyl ether ("125 ml.) and tetrahydrofuran (25 ml.). 
During addition the reaction mixture was kept at -60 to -65°; after 
addition was completed the mixture was stirred for 1 hour at -60 to -65°. 
The mixture was then acidified in 1*5 minutes below 0° with urea-acetic 
acid solution (75 ml., aqueous solution, 2.78 molal in urea and acetic 
acid). The mixture was saturated with sodium chloride; the aqueous layer 
was separated and extracted with ethyl ether (100 ml.). The combined 
ether extract was washed with saturated sodium bicarbonate solution 
(2 x 150 ml.) and dried over anhydrous sodium sulfate. After removal 
of the sodium sulftite by filtration, distillation gave, after removal 
of the solvent, i1l,l,2>2,5,3-heptafluoro-5-nitrohentane (ll*.07 g., 
0.052 mole, 9W as a colorless liquid, b.p. 70.5-79° (23-25 mm.), 
n§ 1.3^85-1.3^91, d|g 1.4286; lit.10 b.p. 60° (9 mm.), ng0 1.3^93. The 
infrared spectrum of"l,l,l,;2,2,3..3-heptafluoro-5-nitroheptane (sandwich 
cell) contained strong bands for the mononitro group (6=35 microns) and 
for carbon-fluorine bonds (8.0-8.5 microns). 

A solution of l,l,l,2,2,3,3-heptafluoro-5-nitroheptane (l g., O.OO369 
mole) in methanol (10 ml.) was added to a solution of sodium hydroxide 
(0.1* g., 0.01 mole) in water (10 ml.) and kept at 0° for 18 houre. This 
solution was added dropwlae at 0° to concentrated sulfurlc acid (2,5 ml.) 
in water (12 ml.); a solution of 2,l*-dinitrophenylhydrazine was added. 
An oil separated and was crystallized from hot ethanol; four recrystallizatlcns 
from hot ethanol gave 5»5»6,6,7|7t7-heptafluoro-3-heptanone 2,l*-dlcitro- 
phenylhydrasone (0.71 g., 0.00165 mole, 50$) as orange needles, m.p. 123-121*°. 

Anal. Calcd. for C12F7K11N4O42 C, 37.15; H, 2.6U; N, 13.33. 
Found: C, 37.75, 37.62; H, 2.99, 2.85; 

N, 13.51, 13.56. 
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58. BKPqCTIOH OF ^S.e.o.TzT.T-HEPrAFIJJOBO-^-HITRO-^-gEPTENE TO LITHIUM 

BOPOHTDRIDEt l/l^i.a.2.3.3-H£PrAn^XJRO^-iaTB0EEPTANE; 5,5,6,6,7.7,7- 
HEPTAFLl)0B0-3-HgPTANONE 2 ,l|-DINITROPHEyYLHYI)RAZOWE. 

A solution of %Sr6.6.7;7-7_**«t"flucre 5-=itrc-3-"Spt«uo vl!;.^ «•> 
0.057 mole) In ethyl ether (25 ml.) was added dropvlse in k hours to a 
stirred suspension of lithium borohydride (0.62 g., 0,0285 mole) in ethyl 
ether (125 al.) and tetrahydrofuran (50 ml.). During addition the reaction 
mixture was kept at -60° x 2°) after addition-vas completed the mixture 
vas stirred for k hours at -60°. lie mixture was acidified in ^5 minutes 
below 0° with urea-acetic acid solution (75 ml., an aqueous solution,2.78 
molal in urea and acetic acid). The mixture was saturated with sodium 
chloride: the aqueous layer vas separated and extracted vlth ethyl ether 
(lOO ml.). The combined ether extract vas vaohed vith saturated sodium 
bicarbonate solution (2 x 150 ml.) and dried over anhydrous sodium sulfate. 
After removal of the sodium sulfate by filtration and removal of the 
solvents on a steam bath, distillation gave: 1.1.1,2.2.5.5-heptaf luoro-5-- 
nltroheptane (lU.08 g.. O.O52 mole, 9w as a colorless liquid, b.p, 79- 
79.8° (2U.5-25 am.), n£° 1.5^88-1.3^96, dfg l.U25fcj llt£> b.p. 60'- (9 mm.), 
n§° 1.3^93.       ^ 

An infrared spectrum of the 1,1,1,2,2,3,3-heptafluoro-5-nitroheptane 
(sandwich cell) contained strong bands for the mononitro group (6.35 microns) 
and carbon-fluorine bonds (8.0-8.5 microns). 

A solution of I,l,l-2,2,3,5-heptafluoro-5-nitroheptane (l g., O.OO369 
mole) in methanol (10 ml.) was added to a solution of sodium hydroxide 
(O.k g., 0.01 mole) in water (10 ml.) and kept at 00 for 18 hours. This 
solution was added dropvise at 0° to concentrated sulfuric acid (2.5 ml.) 
in vater (12 ml.)j a solution of 2,U-dinitrophenylhydrazine  was then 
added. An oil separated which vas crystallized from hot ethanol: four 
recrystallizations gave 5y5f6,6t7.7t7-heptafluoro-3-heptanone 2,4-dloltro- 
phenvlhydrasone (O.83 g., 0.00216 mole, 55.5%) as orange needles, m.p. 
123-12U°. The melting point was not depressed when mixed with a sample 
prepared in the previous experiment. 

39. BEDUCTI0S OF 9.5.6.6.7.7.7-HEPI!ArLU0RO-3-»IIR0-3-HBPTENE WITH LITHIUM 
ALUMINUM HYBRIDS t 1T1,1 v2.2.5 . ^-BEPTAFLDOBO - s-ITtTBOHEPTANB. 

A solution of 5,5,6,6,7,7,7-heptafluoro-3-nitro-3-heptene (15.5^ g., 
0.057 mole) in ethyl ether (25 ml.) was added dropwise in 3 hours to a 
stirred suspension of lithium aluminum hydride (O.65 g., 0.01625 mole + 
20% excess) in ethyl ether (125 al.) and tetrahydrofuran (25 ml.). During 
addition the mixture vas kept at -65 to -70°j after addition was completed 
the mixture vas stirred at -60 to -70° for 3.5 hours. The mixture was then 
acidified in 35 minutes below 0° with urea-acetic acid solution (35 ml., 
aqueous solution,2.78 molal in urea and in acetic aeid). The mixture vas 
saturated vith sodium chloride; the aqueous layer vas separated and 
extracted vith ethyl ether (100 al.). The combined ether extract was 
vashed vith saturated sodium bicarbonate solution (2 x 150 ml.) and dried 
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over anhydrous aodium sulfate.      Filtration, removal of solventsoon a 
steam bath, and   distillation gave: 1.1,1.2.2.5.5-heptafluorp-5-nltroheptans 

^ U3.17 g., 0.04«6 mole, 85.#) as a colorless liquid, b.p. 70.5-70.7° 
^ (25 mo.), ng° 1.3^90-1.3"»97, d|g    1.1*277} lit.10 b.p.  60° (9 mm.), 

nfi° 1.51*93. 

An infrared spectrum of the 1,1,1,2,2,3,3-heptafluoro-5-nitroheptane 
(eandwich cell)  contained strong bands for the aononitro group (6.35 
microns) and the carbon-fluorine bond (8.0-8.6 microns). 

1*0.    ATTEMPTED HBTEBOGEKBOUS BEDUCTIOK OF 5.5,6,6.7,7,7-HEFrAFLUOB0-3- 
NITR0-3-HEPTEHE WITH SODItM BOB0HYDBIDE. 

A solution of 5*5#6,6,7,7/7-heptafluoro-3-nitro-3-heptene (6.72 g., 
0.025 mole) in ethyl ether (20 ml.) was added dropwise in 3 hours to a 
suspension of sodium borohydride (0.1*7 g., 0.0125 mole) in ethyl ether 
(65 ml.) and tetrahydrofuran (20 ml.).    During addition the reaction 
mixture was kept at -65°} after addition was r-xnpleted the mixture was 
stirred at -65   for 3.5 hours.    The mixture was then acidified in 20 minutes 
below 0° with urea-acetic acid solution (25 ml., aqueous solution,2.78 
molal in urea and in acetic acid).    The mixture was saturated with sodium 
chloride} the aqueous layer was separated and extracted with ethyl ether 
(50 ml.).    The ether extracts were combined and washed with saturated 
sodium bicarbonate solution (2 x 100 ml.) and dried over anhydrous sodium 
sulfate.    After removal of the sodium sulfate by filtration rsnd removal 
of the solvents on a steam bath, distillation gave:  5>5>6.5,7,7,7-hepta- 
fluoro-3-nitro-3-heptene (5.38 g., 80# recovery), the initial olefin, as a 

' light green liquid, b.p. 77-78° (79 mm.), n£° 1.3590-1.3597.    The physical 
" constants of the initial material, 5,5,6,6.7,7>7-heptafluoro-3-nitro-3- 

heptene, are: b.p. 78.5-79.5° (75 nan.), ng° 1.3596. 

kl.    SEDUCTION OF 1*,1*,5.5.6,6,6-HEPTAFLUQBQ-2-NITB0-2-HEXENE WITH SODIIM 
TRIMBTH0XYB0B0HY0BIDE ?   1^1,1,2.2.5.3-HEFTAFLU0B0- S-KITTiQESXANE. 

A nilution of 5,5,6,6,7,7, ("-heptafluoro^-nitro^-hexene (7.50 g., 
0.029U mole) in ethyl ether (25 ml.) was added dropwise in 2 hours to a 
stirred suspension of sodium trimethoxyborohydride (5.76 g., O.029I* mole 
+ 50£ excess) in ethyl ether (75 ml.) and tetrahydrofuran (25 ml.). 
During addition the reaction mixture was kept at -65 to -70°; after addition 
was completed the mixture was stirred for one hour at -65 to -70°.    The 
mixture was then acidified in 30 minutes below 0° with urea-acetic acid 
solution (25 ml., aqueous solution,2.78 molal in urea and acetic acid). 
The mixture was saturated with sodium chloride; the aqueous layer was 
separated and extracted with ethyl ether (100 ml.).    The combined ether 
extract was washed with saturated sodium bicarbonate solution (2 x 75 ml.) 
and dried over anhydrous sodium sulfats.    After removal of the sodium 
sulfate by filtration and removal of the solvents on a steam bath, 
distillation gave:   l,l>iJ2>2,3,3-heptafluoro-5-nitrohexane (6.3** g., 
0.02U7 mole, 81**) as - wolorless liquid, b.p. 77-78.8° (39A0 mm.), 
Qj,    1.3U05-1.3»*09, dfjj    I.U86I5 lit.10 b.p. 6k° (23 mm.), ng°    1.3^12.    An 
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infrf ed spectrum of the..l,l,l,2,2,3,3-heptafluoro-5-nitrohexane contained 
a strong band for the mononitro group (6.35 microns; and for carbon- 
fluorine bonds (8.0-8.4 microns). 

k2.    REDTlCTTnw nv  |t>,;f;,6fg,6-iS^Ari^^0-2-wIi^O-g-ni!ai!j»!; WITH LITHIUM 
BOROHYDRIDE; 1,1, 1*72.215 ,3-HEPTAFLUOPO-^-NITBOHqtANE. 

A solution of l*,V,5,5,6,6,6-heptafluoro-2-nitro-2-hexene (7.50 g., 
0.029V mole) in ethyl ether (25 ml.) was added dropvise in k hours to a 
•tirred suspension of lithium borohydride (0.33 g«, 0.015 mole) in ethyl 
ether (75 ml.) and tetrahydrofuran (25 ml.). During addition the reaction 
mixture vas kept at -65° t 2°; after addition vas completed the mixture 
was stirred for h hours at -65 to -70°. The mixture vas then acidified 
in 30 minutes below 0° with urea-acetic acid solution (35 ml.* aqueous 
solution,2.78 molal in urea and acetic acid). The mixture vas saturated 
with sodium chloride: the aqueous layer was separated and extracted with 
ethyl ether (100 ml.). The combined ether extract was washed with saturated 
sodium bicarbonate solution (2 x 100 ml.) snd dried over anhydrous sodiun 
sulfate. After removal of the sodium sulfate by filtration and removal 
of the solvents on a steam bath, distillation gave: 1,1,1,2,2,3,3-nepts- 
fluoro-5-nitrohexane (6,Gi  g., O.0258 mole^ 87.8<) as a colorless liquid, 
b.p. 76.5-77.5° (38 mm.), ng° 1.3^05-1.3^10, dfg l.W6lj lit.10 b.p, 6U° 
(23 mm.^ ng° 1.3U12. An infrared spectrum of the 1,1,1,2,2,3,3-heptafluoro- 
5-nitrohexane contained a strong band for a mononitro group (6.35 microns) 
and for carbon-fluorine bonds (8.2 microns). 

U3. REDUCTION OF D-ARABO-TETRAACBTOyv-l-NITROHEXEWEi 1-NITP0-1.2- 
DIDESOXY-D-ABABO-HEXITOL"TETBAACETATE! 

A solution of D-arabo-tetraacetoxy-1-nitro-l-hexene (1.01 g,3 

0:0028 mele) in absolute ethanol (10 ml.) was added dropvise in ^5 minuteB 
to a stirred suspension of sodium borohydride (0.12 g., 0.001*; mole) in 
absolute ethanol (10 ml.). During addition the mixture was kept at 0°; 
after addition vas completed the mixture vas stirred for 2 hours at 0°. 
The mixture vas then acidified below 0° in 10 minutes vith urea-acetic 
acid solution (3 ml., 0.278 molal in acetic acid and in urea). The reaction 
mixture was reduced to a volume of about 5 al. on a steam bath and under 
vacuum. This mixture vas taken up in ethyl ether (kO  ml.), vashed vith 
saturated sodium bicarbonate solution (2 x 15 ml.) and dried over anhydrous 
sodium sulfate. After removal of the sodium sulfate by filtration and 
removal of all but 2-3 ml. of solvent, l-nitro-l,2-didesoxy-D-arabo- 
hexitol tetraacetate (0.65 g., 0.00179 mole, 65.^} crystallized as a vhite 
solid, m.p. 82-81+°. One recrystallization from absolute ether gave only 
a slightly lower yield of highly pure product, m.p. 115-116°; lit.1^ 
m.p. 115-116°. 
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Princeton University 
Princeton, New Jersey 
Attn: Librarian 

Purdue University 
Dept. of Chemistry 
Lafayette, Indiana 
Attn; Dr. Henry Feuer 

Rohm and Haas Company 
5000 Richmond Street 
Philadelphia 37, Pa. 
Attn: Dr. J.F. Kincaid 

Rohm and Haas Company 
Redstone Arsenal Research Div. 
Huntsville, Alabama 
Attn: Dr. Clayton Huggett 

Solid Propellant Information 
Agency 

Applied Physics Laboratory 
The Johns Hopkins University 
Silver Spring, Maryland 
Attn: Mr. Ross H. Petty 

Standard Oil Company 
Research Department 
P.O. Box U31 
Whiting, Indiana 
Attn: Dr. W.H. Bahlke 

Thiokoi Corporation 
Redsto.ie Arsenal 
Huntsville, Alabama 
Attn: Mr. W.R. Ignatius 

Thiokoi Corporation 
780 N. Clinton Ave, 
Trerton 7 -,  Ut-w Jersey 
Attn: Mr. H.R-. Ferguson 

Thiokoi Corporation 
Research and Development Dept. 
760 N. Clinton Avs. 
Trenton 7, iJew Jersey 
Attn; Mr. B.M. Fectes 
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Addrrss Copies      Address Copies 

U. S. Rubber Company 
General Laboratories 
Market and South Streets 
Fassalc, New Jersey 
Attn: Dr. P.O. Tawney 

Western Caxtridcp Company 
East Alton, Illinois 
Attn: Mr, R.L. Womer 

Commanding Officer 2 
U.S. Naval Powder Factory 
Indian Head, Maryland 
Attn: Research and Development Dept, 

Commander 1 
U.S. Naval Proving Ground 
Dahlgren, Virginia 
Att,nt M*I. Division 

r 
i 

v 

British Joini. Serviced Mission 
via Department of the Navy u 
Bureau of Aeronautics 
Washington 25, G. «D. 
Attnin Aer 12-3- 

Pept. of the rjavy 
Bureau of Aeronautics 
Washington 2?, D.c. 
Attn: si-5 

Dept. of the Navy 1 
Bureau of Ordnance 
Washington 25, D.C. 
Attn:    Ad3, Teclinical Library 

Dopt. of the I'avy 1 
Bureau of Ordnance 
Washington 2?, D.C. 
Attn:    Section Re2d 

Commander ?. 
U.S. Naval Air Missile 

Teat Center 
Point Hugu, California 
Att.it    Technical Library 

Commander 1 
U.S. Naval Ordnance Laboratory 
White Oak 
Silver Spring, Maryland 
Attn: Library 

Commander 3 
U.S. Naval Ordnance Test Station 
Inyckern, China Lake, Calif. 
Attn: Technical Library Branch 

Dept. of the Navy 
Office of Naval Research 
Washington 2$,  D.C. 
Attn: Code U29 

Commanding Officer 
Office of Naval Research 
Branch Office 
8hU North Rush Street 
Chicago 11, Illinois 
Attn: LTJG. «.C. Laug 

Commanding Officer 
Office of Naval Research 
1030 E. Green Street 
Pasadena 1, California 

5 

o 

Commanding Officer 
U.S. Naval Air Pocket 

Test Station 
I.ako Denmark 
Dover,  itew Jerrey 
Attn:    Technical Library 

f     \ 

Dr. E.R. Buchman 1 
California Institute of Technology 
Pasadtna, California 
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Address Copies Address Copif 

B-ureau of Aeronautics Rep.  : 
15 South Raymond Ave. 
?*3sdena 1, California 

S"vans Research and Develop- I 
Etent Corporation 
250 Eaet l*3rd St. 
few York 17, N.Y. 
Actn: Dr. E. J. Hewitt 

Commercial Solvents Corp.   ] 
ferre Haute, Indiana 
Attn: Dr. Jerome Martin 

Ethyl Corporation '. 
ISOO West Eight Mile Road 
Ferni.ale 20,  Detroit, Mich. 
Attn: Dr. Roy Sugimoto 

Cwanander ] 
Hfcval Ordnance Laboratory 
Wtite Oak, Silver Spring, Md. 
AUtn: D. V. Sickman 

Hercules Experiment Station '. 
Ho rcules Fowdar Company 
Wij.mi.jgton ?9, Delaware 
A*.~ta*. E. W. Lawrence 

Tr . VHJ.lls/a Sager : 
Department ox Chemistry 
Gecrge Washington University 
Washington, D. C. 

Dr- K. L. Drrjke 
Department of Chemistry 
lAdLvevsity of Maryland 
College Par!:, Maryland 

Chief, Bureau of Aeronautics 
Department of the Navy 
Washington 25, D. C. 
Attn: TD-U 

Dr. Elizabeth F. Riley 
Dept. of Chemistry 
Ohio State University 
Columbus T">; Ohio 

Prof. M. L. Volfrom 
Dept. of Chemistry 
Ohio State University 
Columbus 10, Ohio 

Dr- Joseph W. Lang 
Director of Research 
General Aniline and Film Corp. 
Central Research Laboratory 
Lincoln and Coal Streets 
Eaptcn, Pennsylvania 

Naugatuck Chemical 
Naugatuck, Connecticut 
Attn: Mr. F. J. Foster 

Department of the Navy 
Biireau of Ordnance 
Washington 25, D. C. 
Attn: Re2c, I. L. Brownyard 
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